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CI“tmd“c-twn to D@tabase] | (% Characteristics of Database))

1. What is Database ? '

o A database is an organized collection
of related data that is stored in a computer
system in a systematic way so that it can be
easily accessed, managed, updated and retrieved
when needed.

o A database represents a real-world entity
(like students, employees, products, etc.) in
the form of structured data.

e Tt reduces redundancy and maintains data
consistency.

2. Data - Meaning and Definition

o Data is a collection of raw facts and figures
about an event, object or entity.

e Data can be numbers, text, images, symbols,
or any other form of facts.

o Data by itself does not convey any specific
meaning.

. The above values are
Jjust raw facts. They
do not tell us what
they mean until we
process them.

101
Amit

72.5
Akola
12-09-2026

3. Information - Meaning and Definition

e Information is the processed form of data
which has a specific meaning.

e It is obtained by processing, organizing and
interpreting data. -

o Information helps in decision-making.

. { Example : From Data to Informntion]

(Ral\?unthc’cs) Processing Information (Meaningful)

101 Tdentified as Roll No.| Roll No. = 101

Amit Tdentified as Name | Name = Amit

72.5 Identified as Marks | Marks = 72.5

Akola Tdentified as City City = Akola
12-09-2026 | Identified as Date | Date of Exam = 12-09-2026
e Thus, when raw data is processed and given context,

it becomes information.

Difference between Data a_pd Information

Basis Data Information
Meaning | Raw facts and figures Processed form of data
with meaning
Nature | Unorganized Organized and meaningful
Purpose | Does not help directly | Helps in decision making
in decision making
Form Numbers, text, symbols,| Useful and relevant form
images ete.
101, Amit, 72.5 Roll No. = 101,
Example Name = Amit, Marks =72.5

Real Life Example :
e Data : 85, 90, 78, 92 (marks of a student)
® Processing : Calculate average
o Information: Average marks = 86.25
o Use : It helps in deciding the performance of the student.

| ‘VA database has the following important

characteristics :
@ Self-describing Nature
o A database contains metadata (data about data)
‘ which describes the structure, type and constraints
of data.
o This helps users and DBMS to understand the
meaning and format of data.

|
(2) Integrated Collection of Data )
e Dota in a database is related and stored in an

integmted manner.
o Tt avoids isolation of data and promotes

consistency.

 Persistent Storage |

o Data in a database is stored permanently in
secondary storage (like hard disk).

e Tt remains available even after the programs
that created it are terminated.

| @]Reduced Redundancy |

e Duplicate data is minimized.

e The same data is not stored multiple times,
which saves storage space and maintains
consistency ;

@ Data Consist:ncy
e Since redundancy is reduced, the data remains
consistent and accurate.
® Changes made in one place are reflected everywhere.

‘_ Data Sharing |
o A database allows multiple users to access and
share data at the same time.
| o It promotes better coordination among users.



1. Introduction

e In the traditional file processing system,
data is stored in separate files for each
application.

e As the size of data increases and the
number of users grow, the file system
becomes inefficient.

* To overcome these problems, a database
system is needed.

e A database provides a centralized, organized
and efficient way to store, manage and
retrieve data.

[ File System vs Database System |
( Y
File System (Traditional) [ Database System J

(Applimﬁm 1} -ApplicnﬁmZ‘ [Applicn!im 3’

Student  Employee  Product
Data Data Data

\ A

Integrated and
Sh{ed Data

i

Need of Database

e e i A EAD
2. What is the Need of Database ? |

e A database is needed because organizations
have to store, manage and process large
amounts of data efficiently.

e It helps to overcome the limitations of the
file system and provides a better way to

handle data.

f3. Reasons for the Need of Dn‘tabase_}

Efficient Data Management

o A database helps to store and manage 'lo.rge
amounts of data in an organized manner.

o It provides facilities to easily insert, update,
delete and retrieve data.

(@ (Reduce Data Redundancy )

e In a file system, the same data is stored in
multiple files, which leads to duplication.

o A dufqbase stores data in a single place,
reducing redundancy and saving storage space.

@ ( Maintain Data Consistency |

e When the same data is stored in many files,

updating it everywhere is difficult, leading to
inconsis%ency.
/ o A database maintains a single, consistent copy

@) ( Data Sharing and Multi-user Access)

of data, ensuring accuracy and reliability.

o A database allows multiple users to access and |
work with the same data at the same time. |
o Tt provides better coordination and supports

data sharing among different departments.

@ Data Securi’cy'

e A database provides security features like
user authentication, authorization and access control.
e Tt protects data from unauthorized access, loss or
modification.

(®) (Data Integrity )

e A database enforces rules and constraints to
maintain the correctness and validity of data.

e Tt ensures that data is accurate, complete and
reliable.

®[ Easy Data Retrieval |
o A database provides powerful query lanquages (like SQL)
to quickly and easily retrieve the require data.

e It supports searching, sorting, filtering and reporting.

Backup and Recovery

o A database provides facilities for backup and recovery
to protect data from system failure or disasters.
e It ensures that data can be restored when needed.

@ (_Support for Transactions )

e A database manages multiple operations as a single
transaction, ensuring that either all operations are
completed or none of them (Atomicity).

o This maintains reliability and prevents data inconsistency.
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1. Introduction |

o The Relational Model is a data model for
databases proposed by Dr. E. F. Codd in 1970.

e Tt organizes data into relations (tables)
consisting of rows and columns.

o It is based on the mathematical concept of
relation from set theory.

o In this model, data is stored in the form of
tables, and relationships among data are
represented using common attributes.

(2. What is a Relation ?)
e A relation is a two-dimensional table with
rows and columns.
e Tt is also called a table.
e Each row represents a tuple (record) and
each column represents an attribute (field).
e A relation has a unigue name.

(3. Components of a Relation |

Component Description

Relation A table with rows and columns.

Tuple A single row in a relation (represents a record).

Attribute A columnn in a relation (represents a field). ]

Domain Set of possible values for an attribute.

Degree Number of attributes (columns) in a relation.

Cardinality | Number Etuples (rows) in a relation.

Schema Structure (name and aﬂrih;ces) of a relation.

Instance Actual data present in a relation ot a
particular time.

E‘i-. Exgr;tple of a Rela’cionj
Relation Name : STUDENT

Roll_No Name Class City
101 Amina B.Sc Akola Tuple
102 Yunus B.Sc Balapur (&E‘x&)
103 Sara B.Sc Amravati

" Attribute [Aﬁfibute} {A&ribu{ej Emriliité
' (Column) (Column) (Column) (Column)

e e i e e e e e e e e e e e et

. ‘ e

| {

! | ® The domain of Roll_No is {101, 102, 103, ...}. {
o The degree of the relation is 4 (four attribu’cei).)

{
! e The cardinality is 3 (three tuples).
\

e =

e Each row is a tuple.
e Each column is an attribute.

5. Properties of a Relation |
@ Each cell contains a single value (atomic value).
@ Each attribute has a unique name.

% The order of rows (tuples) is not important.
@ The order of columns (attributes) is not important.

All values in a column are from the same domain.

® All rows in a relation have the same number of columns.

s
o Thevdboye Table_isva relition named (STUDENT. } '

Duplicate rows are not allowed (each tuple must be unique).

. Relational Model T

Key Type Description
S K A set of one or more attributes that
uper ey can uniquely identify a tuple.

Candidate Key | A minimal super key.

A candidate key chosen to identi

Primo.ry Key tuples uniquely (cannot be NULL{
Alternate Ke Candidate keys that are not selected
RASe 8 as primary Eey.

} Forejgn Key An attribute that references the

primary key of another relation.

7. Domain

o A domain is the set of possible values that
an attribute can take.

e Example :
Domain of Class = {B.Sc, M.Sc, B.A}
Domain of City = {Akola, Amravati, Pune, Nagpur}

@ Relationships in Relational Modelj

e Two relations can be related using common
attributes.

e Relationships are established using primary
key and foreign key.

e Example :
STUDENT DEPARTMENT
Roll_No | Name | Dept_ID  |Dept.ID| Dept_Name
101 Amina 1 1 Computer Science
102 Yunus 2 2 Zoology
103 Sara 1

XS
Giehtionship (FomiggLL(gy)J




1. Introduction |
o Architecture of DBMS refers to the overall |
structure or design of a database system.

o It shows how difterent components of DBMS |
interact with each other to store, manage,
cess and retrieve data efﬁclently

I;'he architecture of DBMS is generall
based on the Three Level Arc |tecture

proposed by ANSI/SPARC.

(2. Three Level Architecture

| o Tt divides the database system into three
levels to provide d_a’_c_q Lniepe_-:ndence

o It sepo.rates the user’s view of data
from its actual physical storage.

@ External Level (wa Level) 3

o This level is closest to the usgrs

o It shows only the required part of
data to each user.

o Different users can have different views
of the same database.

e It hides the complex details of data stomge|

\_e Also called User View.

@  Conceptual Level (Logical Level) T

o This level represents the overall logical
structure of the database.
o It shows what data is stored in the database
and what relationships exist among data.

e Itis mdt:.fendenjc of p vystml storage.

|

=

\_® Also called Community

@ Internal Level (Physical Level) |

o This level describes how data is actually
stored in the physical storage devices
(like hard dtskf

e It deals with file organization, indexes,
access methods and storage structures.
o Also called. Phy_lcul Vtew

_

=4l

- Architecture Of DBMS - |
(4. Components of DBMS Architecture | |

\3.‘ Diagram of Three Level Architecture

‘ User 1
|

(Accounts Dept.)

User 3
(HR Dept)

User 2
(Management)

' External View 1 | l External View 2 l I Externul View 3 l

h 4

Conceptual Level
(Logical Level)

Component Description

External Level Provides user specific view of data.

Represents overall loglcul structure

Conceptual Level
of the database.

!

Internal Level
(Physical Level)

~—

Physical Database
(Storage Devices) |

LG: Example of Three Level Architecturej

(Physical Level)

Stored Data
(Actual Files)

Internal
Level

il
External Level Conceptual Level [ Internal Level |
Student View Student Relation (Tabl), ||  Storedon Disk |
|[ Roll_No | Name | Class |Ru|LNu Name [ Class [ Gty ||| (1™ puta Fies
|| 101 | Amina | BSc :$ Amina. | BSc | Akola -
102 | Yunus BS; Yunus B.Sc Bo!apur Index Files
{ 103 | Sara | B.Sc |Amravati System Files
Only selected data is visible| | Overall logical structure Actual storage structure
| o the student user. of the table. on physical device.

External hIntema.l Level Descnbes physm stomge structure.
Level | Specification of database at each level
(View Level) Schema (External schema, Conceptual schema,
ol Internal schemu).'
C | Mappi Provides connection between different
Drt(;it’{ua “PPIng levels (External-Conceptual, Conceptual-
(Loglml Leve[) Internal).
Data Independence Abu'hty to change the schema at one level |

without uffectmg the next higher level.

| DBMS Software Manages all these levels and provides

interfoce between users and physical data.

| 57 Advantages of Three Level Architecture

Data independence (logical and physical).
Security and data abstraction.
(3) Multiple user views.
) Reduced complexity.
Easy maintenance and modification.

Better data sharing and integration.

o The three level architecture of DBMS
he.lfﬁ in data abstraction, data independence
and security.

e It provides a clear separation between
user view, logical structure and physical
storage of data, making the database system
more flexible and efficient.




1. Introduction '
o DBA stands for Database Administrator.
o A DBA is a specialized person who manages,
controls and maintains the database system
of an organization.

o The DBA is responsible for ensuring that the |

Installs DBMS
| Q software and
mnﬁgurﬂs it.

database is available, secure, efficient and
reliable.
o DBA acts as a bridge between users and

the database system.

(2. Who is a DBA ?)
e A Database Administrator (DBA) is a

person or a team who is responsible for
the overall management of the database.
o The DBA has technical and managerial

Ll

DBA and its Role

'5. Role of DBA

Datagupslangsign
|| Installation and o g User M
| Cor[[igumtion_ " Designs database S Ent._ :

Creates users,

assigns privileges

structure, schema.
and storage strategy.

and manages access

(7. DBA Activities | .
o Creating and modifging database objects (tables, |

views, indexes etc.

Managing user accounts and privileges.

Menitoring and improving database performance.
Ensuring data security and integrity.

Handling backup and recovery operations.
Managing database storage and space.

Resolving database issues and errors.

Planning for disaster recovery. |
Ensuring compliance with organizational policies.

performance and security, privacy
optimizes queries

and storage.

— e e e
Per_lljorr_nnnce Security Management
uning Ensures data
Monitors

and protection from

unauthorized access.

Skills Required for a DBA |
Good knowledge of DBMS software (Oracle, MySQL, SQL Server etc.).
2) Strong SQL and query optimization skills.

Knowledge of operating systems (Windows/Linux).
Problem salving and troubleshooting skills.

skills to handle database systems. ‘ / PlSGStel' Minngemen’c ) Understanding of backup, recovery and security concepts.
e He/She ensures that the jﬂ%abase runs Tades el Gk — m Pl i gl Good communication and management skills.

smoot_hly_und meets the needs of the -l S Yoy pdeis, doples & O T DRA

organization. ) in case of failure, patches and data during disasters. mportance o _

e —— ) | — resolves issues. | L — ® Ensures smooth and continuous operation of the database.
@Wmaﬂ Qb.]ed:wes of a DBA J ‘ .___. , o Maintains data security, integrity and consistency.
| e To provide high availability of data. [6 Key Responmbilihes of a DBA } o Provides efficient data access to authorized users.
e To maintain data security and integrity. o o Responsibility T e IReduces “Wr?tim"- and p,:veqﬁsb‘cllfa 1;5;‘1 o
S0, snure efficten, perlumcnee, 10 Mt iy Creates nd maiains scheme, tbles, | & Plays a cttial role i the success of any organzation
e To handle user access and permissions. 9 indexes and storage structures. _ | th{ i dat y g
o To backup and recover the database. 9 Tnstallation & Confiauration | Lnstalls DBMS and configures it as per A G R
e To solve problems and ensure smooth s organizational needs. A . 3
opero.’cion of the system 3 User Maragemert Creivais users, assigns privileges and (10. Condusmn ]
< controls access I
1 e = o A Database Administrator (DBA) is an essential part
_ Eﬂ-_.__fgsiﬁon of DBAJI‘I. an %a_nization ] & Security Management l i:gizr:z?;z;ewnty polices  permissiors of a database system. ke
o The DBA wo_rks w-ljt-h e:(( users, a;plica’cion 5 Bl i orry Pe%ﬁﬁs"}'ggu[ur_bnckup e s tEa e The DBA _manag‘es,_gontmls and maintains the do._‘:ul?rlxse
developers i e Sl o e data recovery. 1o ensure its availability, security, Ecerfomnnce and reliability.
e The DBA un dersgun o requiremer:l’cs o 6 Performance Monitoring | Monitors performance and optimizes queries. o Without a DBA, it WGl:lld be difficult to handle large
users and manages the database accordingl 7 Maintenance Handles upgrades, patches and routine checks. amounts of data eFFiCLenﬂy and safely
o He/Sh that data i loble 4 9Ly - i - o Thus, the DBA plays a vital role in the successful
e ensures that data is available o 8 Disaster Management Prepares and implements disaster recovery plan. implementation and use oE o databaze system.

authorized users at the right time,




~ Structured Query Language (SQL) }

1. Introduction to SQL |

e SQL (Structured Query Lunguage) is a
standard language used to communicate
with a database.

o It is used to create, manage, retrieve,
update and delete data in a relational
database management system (RDBMS).

| o SQL was developed by IBM in 1970s and
i standardized by ANSI and ISO.
e It is a non-procedural language, meaning

we specify what data is needed, not how
to get it.

(2. What i SQL ?7)

e SQL is a query lanquage used to access
and manipulate data in databases.

o It allows users to perform various
operations such as creating tables,
inserting data, updating data, deleting
data and retrieving data.

e SQL is used in many database systems
like Oracle, MySQL, SQL Server, lyostgref)_QL,
SQLite etc.

(3. Purpose of SQL |

e To define the structure of the database
(tables, indexes, etc.).

o To manipulate data stored in the database.

e To control access to the data.

e To manage transactions.

e To retrieve information from the database
easily and efficiently.

(4. Working of SQL |

User

SQL Query
(Commands)

(SQL Queries)

Processes
the query

Result

(Data in tabular form)

' 5. Features of SQL |

(6. Advantages of SQL |

Easy to learn and use.

Standardized and widely supported.

Provides powerful data retrieval capabilities.
Allows management of large amounts of data.
Ensures data security and integrity.

Supports multiple users and applications.

Works with various database systems.

Helpful in creating views, indexes and stored objects.
Non-procedural, so queries are simple and flexible.

through queries.

Handles Large Amount

Efficiently retrieves and manages large volumes

T | of Data of data.

8 Provides Security gﬁpoﬁs access control and permissions through

9 gupports Views and Help_sin data ‘mmo_n @wsﬂnﬁm?m? i
ndexes performance (indexes).

10 Supports Transactions Ensures data consistency using TCL commands

(COMMIT, ROLLBACK, SAVEPOINT).

Not suitable for complex procedural logic (for that, PL/SQL,

Sr. Ne. Feature - !)es«:.ﬁptim Used for complete database management (create, read,
1 Simple and Easy fﬂ- u"'sf simple English-like syntax, easy to learn | | update, delete, control and transaction).
. SQL is standardized by ANSI and ISO, so it can be . )
2| Standardized Language | o0 o o are. (7. Disadvantages of SQL |
3 Non-procedural Language | User specifies what data is needed, not how to (1) Requires knowledge of database concepts.
- retrieve it - - (2) Handling complex queries can be difficult for beginners.
4 Supports Mulilple Used for data deﬁnihnn, data rnnn'lpulnhun, data Slight ati . e ok diff t RDBMS
Operations control and transaction control. (3) Slight variations in syn WEEIE CUITErEn .
5 Portable Same SQL commands can be used in different | &)
database systems with little or no changes. stored procedures etc. are used).
6 Interactive Language Allows users to interact with the database directly

@ Performance may decrease with very large and complex queries.

8. Applications of SQL b
~ » Used in database applications like banking, hospitals, schools,

e-commerce, etc.
@ Helps in data analysis and reporting.
o Used in web applications and software development.
® Used in business intelligence and data warehousing.
» Helps organizations to store, manage and analyze data emclegl:ly._




~ Data Types in SQL :
'YP

(1. Introduction
Data type specifies the kind of data

[4 Numeric Data Types j

[5 Date and Time Data Types |

‘ Used to store date and time values. |

e Prevents invalid data entry. |

Used to store alphanumeric data (letters, numbers, symbols)

e Helps in defining constraints and rules. | 2

[3 Categories &7Dagfﬁg |

SQL data types are broadly clu531ﬁed
into :

Numeric Data Types
Character / String Data Types
Date and Time Data Types '
) Boolean Data Type '
Binary / Large Object Data Types
Other Special Data Types

that can be stored in a colunn of @ | . Used_ o store numeric values (integers or decimal numbers). Data Type | Description | Example | Format ,.nge*
table. [ Data Type Description Example | Ronge /Size || o | Stores both | 2025-09-30 | YYYY-MM-DD
o It defines the format, size and range | | \\o poreern | Shoves whole numbers 10, -5, 100 | Depends on DBMS | date and time | 14:30:00 | HH:MI:SS
of Welyes $hat con be, stongil - — — (Usully b bytes) || v [Storesonly | 1430.00 | pmrss |
e It helps to maintain data in’cegrlty SMALLINT | Smaller integer vilkles 25 2 bytes {;img — ‘
1 L tores -09- Al i
bgo;résurmg st only olid, datt, i= BIGINT Lﬂrge mteger volues 12345673‘10 8 bytes TIMESTAMP | time with fg%%gg 3203 mIMSr; E,?
- 7 e B fractional seconds | = ™
DfFerent DBMS (like Oracle p = total digits
i e ; DECIMAL(p, s) | Exact decimal numbers |~ 12345 | P R S8 || DATETIME | Stores date and | 2025-09-30 | YYY-MM-DD
MySQL, SQL Server) have slightly g | S =l R Cn e S o Seme) | ime 1430:00 | HH:ME:SS
ditferent data types. NUM:ERIC(p, s) | Same as DECIMAL 567.89 p. s as specified | INTERVAL | Stores @ time | INTERVAL Day, Hour, |
= ' FLOAT T ety | 314 4 or 8 bytes (Oracle) interval '2' DAY Minute etc.
(2. Tmportance of Data Types | |- i _ e | :
' " ' | REAL Single precision float 6.28 4 bytes (? Boolean Data 1:\”)84]
e Helps to store data efficiently. ‘ e o e
e Ensures data accuracy and consistency. | | DOUBLE Double precision float | 314159 | 8 bytes SECaH OIS We L S Es
Data Type | Description | Example Values
e Reduces storage space. . & P b = |
I database perf : - BOOLEAN | Stores logioal | yp /ey o | TRUE, FALSE
B MpRvEsigatovase perfarmance, (5. Character / String Data Types volues (O Lin e B

8 Binary / Large Object Data Types W

Data Type Description Example Size / Limit | l{sed to store binary data such as images, files, videos, et
CHAR(n) Fixed length string ‘sqL n(1to 2000) Data Type | Description | Example | Size / Limit
! : ' : || BLOB Binary Large Object | Image, file data | Very large
VARCHAR(n) | Variable length strin Database n(1to 4000) | . 5
LLUEE Vore lee ||| BIVARYG) Ficed lngth biary| 1010, | 1 bytes
e ery arge , i | e
TEXT lf_LO_% Large tex‘l.:_dnti = This is a long text.. (_>4000) _ : VARB]NARY( ) Vgi::rbsl,e dl:ntgth ion et
Fixed le Umcode D
NCHARGY) | chm"é‘h A n T,
NVARCHAR(n) V}c:nal:le length Unicode "Hello' W : || Data Type Description | Example | Used In |
" | characters _ B || ENUM (MySQL) | Predefined set of volues | ‘Male, Female | MySGL
Large chnmr.ter data | ) || SET (MySQL) | Multile predefined values | ‘Red’, ‘Blue’ | MySQL
LONG (Oracle specific) g Upto2:GB JSON (MySQL) | Stores JSON data | “("name’: Yinus)’| MySQL
|| XML (SQL Server) | Stores XML data | “studenby. ./shudent>’| SQL Server

1



1. Introduction
e Operators are special symbols

¢ Operators in SQL

3

compamsons
many other tas

used in SQL to perform opem’ctons
on data.
o They are used in SQL expressions
to manipulate, filter, compare and
combine data.
e Operators can be used in WHERE
clause, SELECT statement, and
other SQL clauses.
o They help to perform calculations,

%cu operatmns and

database.

S mn

|
1
|
|

(4. Comparison (Relational) opmtorsj

Used to compare two values. It returns TRUE, FALSE or UNKNOWN.

(2. Types of Operators in SQL |

i
QL. operators are mainly classified into the following types : i
(L) Arithmetic Operators i
(2) Comparison (Relational) Operators |
(3) Logical Operators !
(4) Bitwise Operators
(5) Set Operators

(6) Special Operators

(3. Arithmetic Operators

Used to perﬁ:rrm mathematical operations on numeric data.

J ‘5. Logical Operators

Used to combine multiple conditions.

(7. Set Operators |

(6. Bitwise Operators |

Operator | Meaning | Example (SQU) | Result |

Addtion | SELECT10+5; | 15 |
Subtraction | SELECT 10 - 5; 5
Maltiplication | SELECT 10 * 5; 50

| Diison | SELECT10/5;, | 2 |
| g ?&iﬁw} ggtgg rivl%rffm'a); 1

Used to perform bit-Level operations on integer values.

' 8. Special Operators |

Operator Meaning Example (SQL) 3 FI’(:_r'el:ums TRUEMor FALSE. = Y ("Operator | anmg | Example (SQ1)
= | Equlto SELECT * FROM Student WHERE age = 20; | |- Perceet oy e & | Bitwise AND | SELECT 58 3;
e - AND | Retums TRUE if | SELECT * FROM Student | Biwise OR | SELECT 5 | 3
| <> or I= | Not equal to SELECT * FROM Student WHERE age <> 20; | i WHERE age > 18 || Biwise O
> Greater than SEI_.ET_ _FROM_S‘ELEdei WHERE marks > 50; ~ |aretue | AND marks > 50; A | Bitwise XOR | SELECT5*3; |
< Less than SELECT * FROM Student WHERE marks < 50; ORI e if R i T Student ~ || Bitwise NOT | SELECT ~5;
PR T @ one e < T =i =
>= | Greater than or | b\ pcr « FROM Studert WHERE marks >= 50; ebionils s || OR ks > s << | Left Shift | SELECT 5 <<,
L:'ss" than or | o Sk || mor | Reverses the SELECT * FROM Student | | >> | Ri Right Shift | SELECT 55> 4; |
<x | =2 SELECT * FROM Student WHERE marks <= 50; result (TRUE to | WHERE NOT age = 18;
. FALSE and vce versa) ( 9. Precedence of Operators j

‘ Oﬁ rators are evaluated in the following order
m h\ghest to lowest):

Used to combine the results of two or more SELECT statements. { [ Operator
Operator Meaning (saL) N

UNION Combines result sets and aENIi%(I:\IT name FROM A BETWEEN
removes duplicate rows SELECT name FROM B;

UNION ALL | Combines result sets aﬂi%ir :L“I’_“e FROTA LIKE
and includes duplicate rows | opy EeT ame FROM B;

INTERSECT | Returns only common rows ?ET%[}:!TSEE? FROM A _ I_S l‘fULL :
in both result sets SELECT name FROM B; IS NOT NULL

MINUS Returns rows from first f’%ﬁg ume(ERONEA | EXISTS

(Orocle) | query that are not in second | o) FCT e FROM B;

Meaning Example (SQL) Operator Type | Operators
Checks if a volue is | SELECT * FROM Student 1 Porssithasug )
in a list WHERE mty IN (‘Akola; 'Pune); ||| 2 | Arithmetic ! /%
Checks if a value SELECT * FROM Student 3 | Addition / Subtraction 1D =
is in a range WHERE marks BETWEEN i Comparisan z,i? z < >= <ﬁ
Used for pattern ggLSgTD ‘?DFROH Student Ul - e B

or PG ™ uaen
matching WHERE name LIKE 'S%; | | o [A [ AW
Checks for NULL value | SELECT * FROM Student il R

Checks for non-NULL
value

Checks if a subquery

returns any rows

WHERE phone IS NULL;
SELECT * FROM Student
WHERE phone IS NOT NULL;
SELECT * FROM Student

WHERE EXISTS (SELECT 1
FROM Fee f WHERE f.id = s.id);

qQueries.

° Gpemtnrs in SQL are used h: perform various operations
on data such as arithmetic, comparisen, logical and set operations.

@ They help in fltering, maripulating and combining data efficiently
In}ﬂln’mbuse i



' 1. Introduction |
e SQL (Structured Query Languuge) is

a standard language used to
communicate with o database.
Tt is used to define, create, manipulate
and control data stored in a relational

database.
SQL is made up of different
components (clauses, commands,
operators, functions etc.) that work
{ogether to perform various tasks.
These components help in lntemcﬁn%l
¥

with the database easily and efficien

[—4 SQL Clausesj

E Components Of SQL 3
(2. Major Components of SQL | (3. SQL Commands
oot ek bt bt o B e l SQL commands are used to perform specific tasks. |
y | e = =
[ Clauses } |l Type | Commands | — Purpose |  Example
, (SELECT, WHERE etc.) | o || DL | CREATE | Defeand | cprure magie
' Commands ( tors ||| (buta Defon | ATER | manage d‘ﬁg Student(id INT, |
(DDL, DML, DCL, TCL) L i, Logea ) | | - L“"““"w | TRUNGATE [ eke). | e VARCHAR(SO);
=S | DML | SELECT | potieve and '
|| outa Maripdaton | INSERT e SELECT * FROM |
Data Ty “ Com ' : (Mfmgmge) UPDATE }:““&‘f‘ L e .
(INT, VARCHAR etc.) of SQL (hqgregoe, Srng etc) ||~ | DELETE | T —
- —_—y i | bt | crar E:Etrol access | GRANT SELECT
: . i (llﬂntnaCu:trrL REVOKE - mtsswns ?g m
Constraints Objed: ! TCL 7 COMMIT Manage COMMIT:
(PRIMARY KEY, FOREIGN KEY etc.) (Tables, Views, Indexes etc.) ||| (wmacton | ROLLBACK | tramsactions | poeale
| ; /| | Gontrol Language) | SAVEPOINT | in database. -

Clauses are used with SELECT statement to filter, sort
and arrange the data.

SELECT
| FROM
WHERE
GROUP BY
HAVING
| ORDER BY
| LIMIT / TOP
DISTINCT

-

Filters reconds based on condition
Groups rows with same values

Purpose

Selects columns from a table
Specifies the table name

| Exomple
SELECT name, age
FROM Student;
| FROM Student;

GROUP BY city;

WHERE age > 18; | |

Filters groups
Sorts the result

Linits number of records

| ORDER BY name ASC;
LIMIT 5;

Returns unique values

SELECT DISTINCT city
FROM Student;

O

| Data types sPef‘.‘l,:V,the, type of E!Effljh‘-"t can be stored.

T
Numeric
Character
Date & Time
Boolean
Sy,

Data Types

INT, SMALLINT, BIGINT,
DECIMAL, FLOAT, REAL

CHAR(n), VARCHAR(n), TEXT

DATE, TIME, DATETIME,
TIMESTAMP

-

age INT

" name VARCHAR(50)

-|

dob DATE

BOOLEAN
BLOB, BINARY, VARBINARY

isectve BOOLEAN
image BLOB

(5. SQL Operators )

| Operators are used to perform operations on data.

|

HAVING COUNT(*) > 1; | |

Type

Operators

Example

6. SQL Functions
!

Functions are built-in methods that perform specific tasks.

— M > [ Tpe | Functins Example |
Arithmetic | + - * / % SELECT 10 + 5; | Aggregate COUNT(), S(L;M(). ( SELECT cucime)
= N = : || Rinetions AVG(), MAX(), MIN() | FROM Studert; ‘
Comparison | = © 5 < »= <= | SEECT * FROM Sudent | | CRAR, (MINGH) RO uder, RSNG|
WHERE age >= 18; | Sting Functons | UPPERO, LOWER(), | SELECT UPPER(name) ||
e a0 ox wor | SELECT * FROM Sudet | | P " | LENGTHO, SUBSTRO) | FROM Shudent;
Bitwise & | * - « » SEEECTSSL}',f WQ.@Q.WO ] __'_
UNION UNION ALL | SELECT name FROM A || Maneric Functions | FOUNDO. ABSO, | op) et pounD(3 1436, 2): ||
et INTERSECT MINUS | UNION SELECT name FROM B; | ~ | CEILO, FLOORO).
(8. Constraints | (79. Other Components |
| Constraints are used to enforce rules on data. | A art from commands, clauses and operators, SQL also includes
| e = | objects and views. e
| Consbumt | Purpose Example | [Componert 1»
PRIMARY KEY | Uniquely dentifies d INT PRIMARY KEY | |7 Stire et o il coliis gf.féﬁ(m?u
Maintai lationshi dept_id INT | D
FOREIGN KEY | e tales+ | REFERENCES Dept(d) | (| | b b n o oy | S et
UNIQUE Ensures all vlues are unique E’;‘I‘SU\EARF”AR(S?? i * suulr;és;;g:{?j ?*3“-”—“ .
O L | o WL b | RO | | e | e it priere | GO
CHECK Checks condition on velues | 892 INT SHECK | || Soquences | Goreets urique rumbers | GWAIE SRRVEE, |
3 tatus VARCHAR(10) | Set of SQL sta CREATE PROCEDUR
| DEFAUT | Provides o defult value | S5, YAREHARC | S | 31 5 fements e e




%{ Data Definition Language (DDL) }-
1. Introduction to DDL (3. CREATE Command | ![ 4. ALTER Command |
e DDL (Data Definition i_a.ngunge) is a e Used to create a new table, view, index or database. T e s e oM S
subset oihSQsli u;fd to gejir;zbund s Syntax (Table Creation): = P e It can be usez to add, modify or delete ccﬂumns and constraints. |
K SR SLUTUCLUTES U LS c | | Common Data Types: i =
objects such as tables, views, indexes, | CREA{E T?Bléitt:ble_(ngmi ( bt e INT _:{E;ge, ; Operation Syntax Example
Bic, column atypelsize) constraint, | | , yipouag(n) - Variable string ! Add ol ALTER TABLE table_name ALTER TABLE Student
o It is used to create, modify and ‘ column? datatype(size) constraint, | o CHAR() - Fored string | 4| ADD column_name datatype; | ADD address VARCHAR(50);
delete database objects. o (o DRTE . Deke 1| | Modfy Colom | ALTER TABLE toblename | ALTER TABLE Studert
e DDL commands work on the s [i% DECIMAL( ):D;:.k ‘;15 P;L | | | (Data Type) | MODIFY column_name datatype; | MODIFY age INT;
structure of the databose, not on : [ E le: Create a table Student J el R ——
e S o | D G| S COLUNN o rame; | DROP COLUM e
o DDL statements are auto-committed | CREAIEI@BIL‘%S;%“;E& o 5
in most databases (cannot be rolled | ;wme VARCHAR(50) NOT NULL ALTER TABLE table_name ALTER TABLE Student
back). | age INT, i Add Constrairt | ADD CONSTRAINT constraint_name | ADD CONSTRAINT chk_age
o Examples: CREATE, ALTER, DROP, ‘ course VARCHAR(30) || constraint; CHECK (age > 0);
TRUNCATE, RENAME. i
: ‘ (5. DROP Command | | 6. TRUNCATE Command _ (7. RENAME Command |
:E‘Z_' DDL Commands ] o Used to delete an existing table or other database object ‘ o Used to remove all records from a table. o Used to change the name of a table
= i ]| 7 — permanently. Table structure remains the same. | or other object.
Command Purpose i | eTtis faster than DELETE because it o Sy
Creates a new database cbject || S = ——= iNGte? ; deallocates data pages. ‘ =
CREATE (table, view, index ehr) ‘ [ DROP TABLE table_name; |<: e Table mmd:nd 18 Syntax: RENAME old_name TO new_name;
ALTER Modifies the structure of an | (Example: ) T_ g:t:w:ﬁ‘g‘"m leted. | | TRUNCATE TABLE table_name; ‘ (_E_x:m-pT]
existing object. | — 3 i overed : (Example: ) | = |
DROP Deletes an existing object ! [ 2l L R J e B ‘l TRUNCATE TABLE Student; ] ‘ [ Sy el T 5‘“"“*-?@'
permanently. S R e |
RUNCATE | Removes al records from o tabl | | (. 8- Complete Example (3 Tmportant Points ) ((10. Conclusion _
(but structure remains). Perfcr;nipg different DDL operations on a table. @ e a;\fds = e e B nimaoe Gt SO0, sk ekt
5 | Command Descripti | tructu datab bjects. of SQL used to create,
RENAME Chunges the name of an object. P CREATE TABLE EmRPk’ ce ( o T"P{:; | @ 'STh'; cg%;gsdeﬁcom:j:t:i‘l(fmmt be rolled back in w;odif ::E{djclletz the
- B R H a new e m L structure tﬂbm
1. Create table ﬁ:&;'dnggHRRl(lgo)Rf 436 ‘Employee” with three ‘ CREATE creates a new object. objects.
. salary FLOAT columns. | ALTER modifies on existing object. | ® ghﬁﬁi&;: mﬂ'"';‘tﬂm'l"s
SFA = e —_ — e i anent i € dal Se schema
> Al oo ALTER TABLE Employee 3 P e ey DROP deletes an object permanently |

TRUNCATE removes all records but keeps structure. “‘:“"dins to the requirements.
RENAME changes the name of an object. | o The el IO coetience
DDL does not affect the data inside the table (except | 972 x ri il

ADD department VARCHAR(30);

|| Wiy colom | ALTER TABLE Employee
| MODIFY salary DI C AL(}O.Z):

Modifies the Jl;kn_{ype | (
of salary column. |

i TRUNCATE and RENAME.
| TRUNCATE which deletes all data).
| 5
4 Dropigghurin || PALTER THLE Ewplojest - Deletes the department | | g traints like PRIMARY KEY, FOREIGN KEY, CHECK, | ® T conmones e
P e T 5 =il NOT NULL can also be defined using DDL. fio sy B it
5. Truncate table | TRUNCATE TABLE Employee; Removes all records. | d : | the structure of a
e — e e e =l @ DDL commands are sugpnded in all major RDBMS | database efficiently.
6. Drop table DROP TABLE Emplayee; Deletes the table complebzly. (Oracle, MySQL, SQL Server, PostgreSQL etc.).




1 Introduction to DML

{ Data Manipulation Language (DML) !

(4. SELECT Command |

s - Befm'e Insert: |
@ DML (Data Mu.ntpulahon Language) is | ® Used to retrieve data from a table. o Used to insert new records into a table. = W = [ e
A she o sa et mmPL?[ﬂte o It can be used to display all columns or selected columns. o Syntax: Al 2
the data stored in the database. o Syntax: ; = INSERT INTO table.rame (cohumnd, column2, ) i Y
o It is used to insert, upddate, delete SELECT ‘[’m“gaé c”;‘:ﬁ{‘oi]_FROM le_name VALUES (valuel, value?, ..); ‘ “Aman | 20
and retrieve data from the tables. = i = o T | (et Tet & s T ) Y T
e DML commands work on the data  Example 1: Display all records | LE’“""@' 2: Display selected columns | | ROETE 0 SO, TE Sl ———
inside the tables (not on structure). SELECT * FROM Student; | SELECT name, age FROM Student; mﬁg I(I*;qusmcler;t1 (ldB CTT)M age, course) | _A_Ftirj_ ter Tnsert: | B
@ DML changes the data and these Result: . el id | mame | age | course
changes are Iermunen{:ly or temporarily id | nome | age | course name age | Example 2: Insert only selected cnlumns] 1] Al 20 | BSc
stored depen ing on the transaction. W | I Al INSERT INTO Sfudent (name, uge) 2 | Sara 21 B.Sc
e Main DML commands are 2 | Saa | 21 | BSc _ Sara VALUES (Rahul 20); | 3 | Aman | 20 | BCA
SELECT, INSERT, UPDATE, DELETE. 3 | Aman | 20 | BCA Aman g Mec i 120 E
2 DML Commands ) “Example 3: Using WHERE clause | ne Saml:ern 2(; ngﬂgi:)use course) 2 i::s:“f i; ;CS;
E 1 =l : Pu‘rpose )| | SELECT * FROM Student WHERE age > 20; 1 (7, ‘Ayesho.', 22, 'BCA'); Ll ————
SELECT Retrieves data from one or | !'j "52: ?1! c;usrr.ﬂ |
more tables. | 4 | Neha 22 BSc ‘
| INSERT | Adds new roords into o uble. || (G ITRDRTIE Copmmandll (Before Update?) (7. DELETE Command | (e
UPDATE Modifies extstlng ' records | o Used to modify existing data in a ’w.hle id | name | age | course | @ Used to remove existing records from a table. [T3q age | course
in a table. o It updates all records that satisfy the condition. |4 | Al 20 | BSc e It permanently deletes the records that 1 Ah 23 | BSc |
L i 1 3 J Sc |f
DELETE Removes extstmg records .Us!"yll)-h.:?l'xE i 2 | Saa | 21 | BSe || - ;;ﬁg(the candition. 2 | Sam | 21 | BSc
from a table. _name 3 | Aman | 20 | BCA 3 | Am 20 | BCA
, : SET[\fJoi_[llg‘aréi - vslrﬂ.] column? = value2, ... |4 | Neho | 22 | BSc DELETE FROM table_name il
. | condition]; o = [WHERE condition]; :
3. General Syntax - - 5 After T ] | — . e
( yr —j | [ Example 1: Update a single column | [ d UP;?;(“ ed\mg::m] Example 1: Delete a specific record | [ After Delfa Gl - 3%) —
|| SELECT columnl, column2 FROM table_name UPDATEe St“d“t EEETE ?r 55 DELETE FREM—StEenE_ g | id | nome | age | course
| iton]: = . i
I TWHERE s WHERE rame. = "AW' 2| Sam | 21 | BSc WEIELWE 3 ‘ ; gilm i :'2: '
! LNA?EJREE IR‘E(& egobl:j:;‘;;. (column, column2) E%m ZStulI;lpd:te multiple co[umn.s 3 | Aman | 20 BCA [Exnmplz 2: Delete all records (use with m)] % | Neha | 22 BSc
PP S { A 21, course = M.S¢ 4 [Nea | 22 [ BS || [ DELETE FROM Student; ‘
e_name H id = 2 .
| A 8. Important Points (9. Conclusion ]
il j DML commands work on data, not on table structure ‘ DML s an essential part of SOL used to manipulate the data in database tables.

DELETE FROM table_name
[WHERE condition];

SELECT is used to retrieve data. ()
| INSERT adds new records. 0
| UPDATE modifies existing records. )

[ DELETE removes records.

5. INSERT Command

°
DELETE Temoves remrds )

s are permanent unless atronsackion | @
(ROIJ.BA K) is used .
DML commands are used frequently ®

in real-time applications.

The main DML commands are SELECT, INSERT, UPDATE and DELETE.
These commands help in adding, retrieving, modifying and deleting data.
They provide easy and efficient way to manage the dota stored in a relational database. |
DML commands are widely used in real-world database applications




=1 Da.ta Control Language (DCL) 3<

1  Introduction to DCL lem Pu of DCL (4. Privileges in DCL |
e DCL (Data Control Lan Fuuge) is a subset | “= ’ [:é DCL cmmandS j | Different types of privileges that can be granted:
of SQL used to control’ access to the e prowde controlled aceess to dotabase objects. | || Privilege Description
data stored in a database. o ToFemenk. NalloriZedtorcess asd i C"'““‘“‘d P"'"P"“ (SELECT | Allows user to read data from a table.
e It is used to Pmnt and revoke permissions pr- e A i) Gives specific privileges (permissions) | CINSERT | Allows user to add new data.
to users or roles ® To maintain security and privacy of information. || GRANT tabase obects 1o a user or rols | || UPDATE | Alows user b moiy existing o
[ DCL commands help maintain data e To assign or remove prwtleges for speclﬁc users DELETE Allows user to remove data.
, security, integrity and authorization. oroles. REVOKE Removes prevmusly gmnted privileges | | [~ [ | Grarts all privleges on the object.
e It controls who can access the database . from a user or role N =
| ® To ensure only authorized users can perform  REFERENCES | Allows creating foreign key reference.
objects (tables, views, procedures, etc.) ! : [ | i O
and what operations they e certain operations (SELECT, INSERT, UPDATE, etc.). [ execute Allows execution o procedunes
e Main DCL commands are GRANT and S :ruaismim:: o pr—
| REVOKE. (| USAGE | Alows use of dotabose g, schemas). |

(5. GRANT Command | 6. Examples of GRANT Qmmand
‘ . gsesﬂ:_o give specific privileges to a user or role. ‘ [Empu Grant. SELECT priviege || Example 2 : Grant m.iup_le_pﬂ.lefj [ Example 3+ Grant ol prileges | | Example 4 : Grant prvlee on pectfic clrn|
| ® Syntax: _ | GRANT SELECT | GRANT INSERT, UPDATE, DELETE | araT ALL GRANT UPDATE (age, course)

j GRANT privilege_name (column_name, ...) ON Student || ON Student [|| ON Student ON Student
| ON object_name | 70 userl; il TO user2; |1 TO user3; TO userd; |

TO user_name; This allows user1 to read dota from  This allows user2 to insert, update ‘ This allows user3 to perform dl  This allows userd o update only age
| Student table. and delete data in Student table. | operations on Student table. and course columns.

7. REVOKE Command | ‘8. Examples of REVOKE Command .
° Esed to remove p[:vmusly gm.nf:ed privileges ‘ fEmnple 1 _ieun? SEIEET_pn;L;geJ ['Emmplg 2: Rgvoke muttiple Pn“leseq [Emmplz 3 : Revoke all prmleges | fExun':plz 4 : Revoke privilege on c colun'm gl |
(o W REVOKE SELECT REVOKE INSERT, UPDATE REVOKE ALL | REVOKE UPDATE (age) |
| ® Syntax: || ON Student ON Student ON Student ON Student ‘

REVOKE privilege_name (column_name, ...) | FROM userl; | | FROM user2; | FROM user3; . FROM user4;
ON object_name This removes read access from  This removes insert and updc(le This removes all privileges from  This removes updnte access on age |
FROM user_name; ) | userd. privileges from user2. user3. column from user4. i
[ M T 710, Example with Roles | O Twrtat P e |
Consider a Student table. We grunt and revoke permissions to different users. . Frivilages can also be given to roles (group of users). g CRANT ghes P;Wlfgeﬁ“ :-D"ﬂuii\’oﬁ et privileges.
 Step | C Description [_Exu.mple % | | @& gzvl\mgn prﬂegesﬁ SELECT, INSRT, UPDATE, DELETE, AL,
(2 commands in maintaining securi in
1 | GRANT SELECT ON Student TO userl; Allows userl to read data. ‘ GRANT SELECT, INSERT ON Student ; 6 Oy i=ers with mr,,“"mfm ”!}ELS (egt!DBA) n m‘rbgcny
2 | GRANT INSERT ON Student TO user2; Allows user? to insert data. | T0 roless b ‘ cormands.
3 GRANT UPDATE (age) ON Student TO user3; Allows user3 to update age column. | | ’ 12. Conclusion
4 | REVOKE SELECT ON Student FROM userl; | Remowes read access from wsert, | | GRANT role_student TO usert; |8 DXL is n inportant part of SOL used o munage aces ol
5 | REVOKE INSERT ON Student FROM user2; | Removes insert access from user2. Here, privileges are given to the role 'role_student' | o W ;.'L;,,s;s,,ﬁd’ﬂ.?“sa;"ﬁ‘,’ﬁ; e T P
6 REVOKE UPDATE (age) ON Student FROM user3; | Removes update access on age column. and then the role is assigned to userd. | in the databa:

‘ ® Proper use of DCL ensures that anLy authorized users can perform
| specific operations on database objects.



-{ Transaction Control Language (TCL) }
1 TCIrrl‘.Tl"c)dl.l,ctwn to TCL | (7 What is a Transaction ? | Ten TCL — ] ‘G, 'COMMIT Command |
e . l; u}f £h ;f :SQ:w ™ &;}m{i, l;nu:r?uuge) is \ ® A transaction is a sequence of one or more Fr— s g‘r:fe to pemnenly save ullt dhonges
e d 9 SQL statements treated as a single unit of work. \ Command | . e_cure o
ransactions in a database. . o After COMMlT, changes cannot be undone.
o It is used fo control the changes made | ® It follows etther ACID propertles or none of || commIT ently saves the ‘
DML statements (INSERT, UPDATE, e thanges e ppled - it
DELETE) in o database, ‘ e A transaction with the first DML Is COMMIT;
e TCL commands help to maintain data statement and ends with COMMIT or ROLLBACK. || poLiBACK Undoes i{l’m changes made in the | f—]
- t transaction. —
ru;Te[bga::t(y o?gszj\;lew\'{lﬁg :'5 tO commlt [:Exnmplg sF a Tmnsqchon J\I = — is:;en— :&ﬁon : 1 i UPDATE Student SET age = 22 W |
e The changes made using I ML are UPDATE Account. SET balance = balance -~ 500 | || SAVEPOINT | 47 wlﬁc!l-:m:te cun“:ulcllbock all ggmeﬁu & N
temporary and can be anentlg WHERE id = 1; | — AN e =
saved or undone using TCL commands UPDATE Account SET balance = balance + 500 | g7 Speries, chomateriticn of fhe Result: i
e Main TCL commands gre COMMIT, WHERE id = 2; TRANSACTION hﬁmw i DA e e o Thaichise. v oad B serronerts saved |
ROLLBACK, SAVEPOINT and \ SOMISL o ¥ 4%t Sg.ldentaﬂab i 4 .
SET TR_ANSACTION. Both updates are treated as a single transaction. | | L e It cannot be rolled back. J |
(5. ROLLBACK Command | |[’ 6. SAVEPOINT Command | G (7. SET TRANSACTION Command | [ 8. Exa.mple Complete Transaction Flow |
@ Used to undo the changes made in the current | @ Used to set a point within a transaction o Used to define the characteristics of )
! transaction. so that we conP:ollback to that point without | a transaction such as isolation level, LM 3 S e Expamation Sl
| @ It discards all changes made after the last undoing the entire transaction. ‘ access mode, etc | 1 START TRANSACTION | Transaction begins
COMMIT or SAVEPOINT. e Syntax: o Db used ot the beginning of a transaction. (or firct DML stotement) impliitly.
T ROLLBACK; SAVEPOINT  savepoint_name; ® Syntax: ‘ 2 a@DE\TEWSETW =22 | First change (temporary).
L = @ ‘ SET_TRANSACTION 3 SAVEPOINT sp1; Savepoint created.
( Example: — S . [ISOLATION LEVEL level) UPDATE Studert SET are = 25 | Socerdd charme
= UPDATE Studer& ST aa i T g:eg;gﬁm:t SET o.ge = 22 WHERE id = 1 i [READ ONLY | READ WRITE]; ‘ 4 WHERE id = 1; age = 25 Clangs.
WHERE d = \ || UPDATE Shudont SET age = 25 WHERE id = 1; | | (Evomples : i 5 | ROLLBACK TO spi; Undo second change
ROLLBACK; ) | | RoLLBACK TO spt; [ SET TRANSACTION ISOLATION LEVEL . (returns to spd).
—————— g e e ) [} SERTALIZABLE; INSERT INTO Student: (id, name) | Another ch
. ReST:l’t f:m et o el ) d i o ‘ | SET TRANSACTION READ WRITE; S| VA, el
. @ The change in age is save o The second u ‘ . ,v— T =il i COMMIT; W o mg charges
L @ The table remains in its previous state. bl 11: ug;tw:ue is returned to the state ot ; | DeF'mes the transaction behavior for the : L7 are permanently saved.
r i A b pl = cun-ent session. : .
9. Result Illustration | - , T
R S S - - &0 Imporl:an‘l: Points [ 1. ACID Properhes ] l 12. l.I.I.S'I.OI'I.
(" Operation | After Operation (Student Table) | Explanation ST | R S ONCNSIOTS
| — : : sl TCL w-ksondntn(hnn.w:hnns) not on structure. | Property Meaning ,' L TCLBMESSEMPGFEGTSQLQCW
| Initiol Data i | name AL | d | ege 20 | Original data Changes made by DML are tanpcrury kil COMMIT. | | Atomicity All operations in a transaction managing transactions.
: | : B ROLLBACK the are completed or none. ‘ e Main commands are COMMIT, ROLLBACK,
! After Update ) 1 L"nfme Ali 1_. Ege_ZZ (untl COMMIT). SAVEPOINT allows partil L Consistency mﬂn:‘]ﬁm lh:odfrmlstb;: ; f:\;'iﬁﬂg ;Ld‘tniﬂdnLRJ’I\NSA(ETION
IT After ROLLBACK | id | name ALl | 1 | age 20 | Change is undone_ | COMMIT permanently saves the changes. Isolation Tmnsachons are isolated from | cansistency and reliability. ey
i I ) Thance & permentlgf S SET TRANSACTION defines transaction properties. each 3 0 Prope‘r i of TCL ensures thot the
After COMMIT | d | name Al | 4 | age 25 | ° ¥ | TCL helps maintain data consistency and integrity. || Durability | Once w";mrtted._dmgu e, || detebose remeins i o comvect and
— ) permanent. even in case o stable state.



{ SELECT Statement with Clauses j z
S e e Wit
1. SELECT Statement : Introduction | 2. Basic SELECT Statement | (3. WHERE Clouse " Conmen G
| ® SELECT ‘shabuaribiis. used to retrieve data o Used to dtspLuy cific columns from a table. o Used to filter records based on a condition. i s B b
I from one or more tables in a database. e If we want all columns, we use * (asterisk). ® It retums only those rows that satisfy the condition. | Egot il
| | eq
| ® ﬁt qllz'l';:j us to ecct{f' the columns to be ® Syntax: e Syntax: 57 eidater o
isp itferent clauses to filter, : SELECT columnt, column2, ... | |
gy i mlgm g SELECT columnl, column2, ... FROM table_name; e, [, | ek |
® Syntax: Em‘?[e 1: Dqlny stﬁc m‘ :_E,mq,]z 2 DL'?I“H L w;_wn,,s" WHERE condition; i equal to :
SELECT columnt, column2 SELECT id, SELECT * FROM Student; Students with 20 | <= Less than
" FROM table_name i | FROM Student; | b =) %ELECT ¥ 2 N AL b
[WHERE condition] | %Resull:: ¢ Result : | ; | FROM Studenntm 255 Suree fie=i IBEN WEEN \’"‘H"ﬂ RW[WL:B i
[GROUP BY column] | P e ] | name | age | cowse || | WHERE age > 20; I'n Male e |
[HAVING condition] s, Ak al o 1 | Ai | 20 | BSc [——"“\ J I LIKE  Poltem :
[ORDER BY column [ASC | DESC]I; e 2 | Sera | 21 | BCA e (IS NULL Null values b
"3 | Amm | BSc 3 [Aman| 20 | BSe || | 2 S | 21 | BCA ﬂ
! 4 | Neha | BCA | L 4 [Neha| 22 | 4 [ heha | 22 | BcA
R B ™
(4. ORDER BY Clause | ' 5. GROUP BY Clause (6. HAVING Clause |
® Used to sort the result set in ascending (ASC) e Used to group rows that have the same values | ' Used to filter gmuped vecords based on @ condition.
or descending (DESC) order. in a specific column. e It is similar to WHERE, but WHERE is used before
e By default, it sorts in ascending order. e It is often used with aggregate functions %@iﬂg and HAVING is used ofter grouping.
: like COUNT(), SUMO), AVG(), etc. ® Syntax:
SELECT colmnl, colmn? .o, o Syntax: Egl{_)%?’t ucl;c{l.wnn,na.me aggregate_function(column_name)
FROM table_name SELECT column_name, aggregate_function(column_name) GROUP Byeiﬂ:l_m =l .
ORDER BY column_name [ASC | DESC]; | FROM table_name HAVING condition; " Diffe )
20 . | i
(Bl £ S5y e i) (B 2 St By op Qo) | ROUF BY ctumame; Bl Cores il e thn 1 shdet) | (o VNG
SELECT id, name, age | [ SELECT id, name, age Em,-ﬂ)lg R s e e ] - AT et | WHERE filters individual |
FROM Student FROM Student SELECT course, COUNT(®) AS total_students 7 | SELECT course, COUNT(*) AS tokal shulnts| | * e before grouping. |
ORDER BY name ASC; | | ORDER BY age DESC; || | FRroM Student Eﬁgﬂps’sgfde::m . '« HAVING flters grouped |
( Result : { Result : | L GROUP BY course; HAVING COUNT(*) > 1; || rows ofter grouping. |
e | e
. Al 20 : Neha 2 . e | with agg unctions. |
3 | Am 0 2 ' course | total students total_students ! !
i o e e | F BSe | 2 1 I
2 | Saa | 21 3 | Aman | 20 BCA 2 2 | (COUNT, SUM, AVG, etc).
3. Using Multiple Clauses Together | (8. Sample Table Used | Important Points | :‘
We can use WHERE, GROUP BY, HAVING and ORDER BY in a single query. | Table Name : Student SELECT is used to retrieve data from a table. |
Exa:rple , Find courses with more than 1 student and sort by total count | - WHERE filters rows before grouping.
L 2 | name | age : GROUP BY groups rows with the same values.
SELECT course, COUNT(*) AS total_students T | = 1 o5 T ac | | @ HAVING filters grouped rows ;
FROM Student Result : | S 5] ! Ali 20 : ORDER BY sorts the final result set. :
WHERE age > 20 e total_students | | 7 Sara 21 We can use mulhple clauses together to get :
e T e e e e
= || 20 | B3 gregate functions (COUNT, SUM, AVG, MIN, MAX
| | ORDER BY total_students DESC; | BCA 2 4 Neha 22 | BCA ; 0 :ﬂm e mthu:aéup BY and H.:WNG "l
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1 Introduction to Constraints

e Constraints are rules applied on columns |
of a table to restrict of data
that can be inserted, updated or deleted.
They help maintain data integrity,
consistency and accuracy

Constraints are enforced b«}l the DBMS. |
They prevent invalid data from entering

the daidhose. |
Constraints can be defined ot the time

of table creation or after the table is
created using ALTER TABLE. ‘
Main constraints in SQL are:

NOT NULL, UNIQUE, PRIMARY KEY,
FOREIGN KEY, CHECK and DEFAULT.

-

PRIMARY KEY Constraint |

Uniquely identifies each record in a table.
Cannot” contain NULL values.
Onlg one PRIMARY KEY per table.
It is a combination of NOT NULL and UNIQUE.
Syntax:

CREATE TABLE Student (

id INT PRIMARY KEY,
) name VARCHAR(S0)

;[5.

CREATE TABLE Student (
id INT PRIMARY KEY,
name VARCHAR(50),

‘ 9: 298 INT
(Resalt: )

T name

.’ Id must be unique

e | age
20
Sara 21
= Aman | 20
8. DEFAULT Constraint |
e fpmdgs hc:mdefmlt value when no value is suppl.wd.

d
1 Ali
2
2

|
ar\dcmnutbeNULLj!

={_Constraints in SQL (RDBMS) }<

2 Tgpes of Constmml:s

- ® Ensures that all values in a column
Purpose '; ® Ensures that a column cannot have are unique (no duplicates).
4 | a NULL value. ® A table can have mulilple UNIQUE
NOT NULL Ensures that a column cannot Every record must contain a value constrmn
bl e l Wle e, | CREATE TABLE Student (
Ensures that all values in a column || ® Syntax: [ ; e
UNIQUE are different. CREATE TABLE Student ( ‘ 3 emall VARCHAR(50) (AMILIE
identifies each rd. id INT NOT NULL, !
PRIMARY KEY mnofﬁ% NULLnimUN]QUE) : name VARCHAR(50) NOT NULL, | G it St ]
FOREIGN KEY Maintains referential mlegrllcﬂ ); | id INT, ( l
_be{:ween two tables. y - _ ); email VARCHAR(50) UNIQUE
Ensures that the values satisfy (" CREATE TABLE Student ( 1| e
SLEES a specific condition. | | N NoT NuLL, 1B m—---’ e (e
pepunr |||kl ":f"“&l value when ! Z;‘EIN‘%‘“RCHAR{“) MO A [ | clignalcon | | dulcate amal, it wil |
- == s =l J | 2 | sara@gmail.com : give an error.

6. FOREIGN KEY Constraint

| ® Maintains a relationship between two tables.
| ® The vniue m the child table must exist in the (5

?ar:nsures referential integrity.

CREATE TABLE ChildTable (
| column_name ype,
| FOREIGN KEY (colu.rnn_nnme)
) REFERENCES ParentTable(column_name)

| CREATE TABLE Department (
dept_id INT PRIMARY KEY, |
dept_name VARCHAR(50)

EATE TABLE Student (
id INT PRIMARY KEY,
name VARCHAR(50),

dept_id INT,
FOREIGN KEY (d.e]Jle) REFERENCES
) Department(dept

|
D
| CR
|

exist in Department table.

fﬂ?. Adding Constraints using ALTER TABLE J
| @ Constraints can also be added after table creation
using ALTER TABLE.

o It is useful to avoid NULL volues. [ Result: ® Syn 3 i'4. Add FOREIGN KEY
1. Add NOT NULL | s |
CREATE TABLE Student EICONT80 \ ADD FOREIGN KEY (column_name) |
course VARCHAR(30) DEFAULT 'B.Sc E-Sc_ ] l MODIFY sk i dtupe NOT NuLL; | | REFERENCES porent toblecoum. name);
)i BSe || ("3 Add UNIGUE [ 5. Add CHECK 1
X BCA [ ALTER TABLE $oble_name \ | AR TABLE tbe vape
’ CREATE TABLE Student ( . { ADD UNIQUE (column_name); J 4 ADD CHECK (condition);
id INT PRIMARY KEY, | | 1 no value is provided 3. Add PRIMARY KEY | [ 6. Add DEFAULT
| name VARCHAR(50), | for course, it w-.Ll ALTER TABLE table_name ALTER TABLE table_name
L ) course VARCHAR(30) DEFAULT 'B.S¢' | automatically take 'B.Sc’. ADD PRIMARY KEY (column_name); | I‘Ddgl}lF‘t‘ oo“lllumn_mme datatype
i J : FAULT value;

(3. NOT NULL Constraint |

4 CREATE TABLE Student (

:wecnmwtlnserlnﬁph_ii
| in Student table if it does not |

4. UNIQUE Constraint

(7. CHECK Constraint |

| e Ensures that the values in a column satisfy
a spemﬁr. condition.
e It is used to restrict invalid data.
® Syntax:
CREATE TABLE Student (
) age INT CHECK (a.ge >= 18)

id INT PRIMARY KEY,
name VARCHAR(50),
age INT CHECK (nge >= 18)

| —— | If we try to insert
20 | age less than 18,
19 E'(iwillgimunmr..
22 -

10. Important Points

, Constraints maintain data integrity,

il PRIMARY KEY automatically enforces
NOT NULL end UNIQUE.

FOREIGN KEY. ensures referentiol mtegntg

; CHECK is used to restrict invalid doto.

: DEFAULT provides a default value.

We can add or remove constraints using

ALTER TABLE.
.Cmskmtshelpmnmhmmﬁtmmj

and reliability of data in a datebase.

UNIQUE allows unique volues in a column. |




J | should be avoided. databases.

~ 8 3 o : -~
= ( Primary Key Constraint }:
A Tobeed i T | TR L e ey | f (4 Examnle - Crente Tahle with Primary Keu |
| 1. Introduction 2. Characteristics of Primary Key | [ 3. Syntax ] 4. Examgple: Create Table with Primary Key |
| ® Primary Key is a constraint used to uniquely || @ Unigueness i 1. Single Column Primary Key | [_Exmnpls 1: Single Column Primary Key |
| identify each record in a table. e S :lu:m:tl e pioary g colions ‘ AT CREATE TABLE Student (
| ® Tt ensures that no two rows have the same H e " _name , id INT PRIMARY KEY,
value in the primary key column. || @ NaMALEkeycolurmy ek o spn e dohpe SRR SEE || name VARCHAR(50), ‘
® It does not allow NULL values. ‘ Single or Composite ): age INTV'ARCHARC;O
® A table can have cnlg one PT‘imcI‘g keg. but [ @ };}i:;nu be a single column or a combination ¥ SIS )
the primary key can consist of single column | or more. columns. | f'cmw mposite Primary Key (M -,[{-Pig' Clare)) | o= o
or multiple” colamns (composite primary key). ‘l @ Immutable (Stable) 2 Composfe Primgry Koy (%l Glhemws)) (Result : | Student Table Structure
Pri el e o S| The value in a primary key column should CREATE TABLE table_name ( Caliisin Neires Data T
@ Frimary key helps maintain : w o‘_m qriLy | not be frequently changed. column1  datatype, | L : e R 2
and ensures that each record is unique. (| @ Only One per Table column? datatype, id INT PRIMARY KEY
1 A table can have only one primary key. | name VARCHAR(50) - |
| ¢ Automatic Indexi ‘ PRIMARY KEY (columnl, column2) | = 3
@ A primary key :Etcmuti.cully creates ‘ 1 | li o SR == —— J
(| a unique index to improve performance. | (E {1 course | VARCHAR(30) =
: | ;
= —— - : e — —— e
{ 5. Inserting Data :] | 6. Violation of Primary Key Constraint [7. Composite Primary szj | 8. Example: Insert Data in Composite Key
| @ We can insert records into the table, but the | ® If we try to insert o duplicate primary key volue or | @ A combination of wo or more columns | peor o E gy o |
R pemaryfhl it e b Uilnue e F MU S MULL Ot 5 "_"l.lﬁ‘“f £ Y . " ff“m':ﬁrfin:mf‘e‘;;‘mﬂhf{hbim“ VALUES (1, 101, '2024-01-10"),
| ([ Example : Insert vold records . | (Eagte 1 Duglcc Rey (ot Alowed) ] of cohumrs | (1, 102, ‘2024-02-15",
INSERT INTO Student (id, name, age, course) | | INSERT INTO Student (id, name, age, course) " Example : | | (2, 101, '2024-01-12");
| | VALUES (1, 'Ali', 20, 'BSc'), || b VALUES (1, 'Neha', 22, 'BCA'); R "CREATE TABLE Enroll ( ‘ =
: (2, 'Sara', 21, "BCA'), - [ Output: | : student_id INT, Result: | )
N (3. 'Aman’, 20, 'BSc'); J | 1 ERROR: Ppuﬁm;t;' ?ntrs |'ni for key v r;ourlifa[iieIII;‘;:1._E || student_id coruse_id enroll_date 1
P ‘ or similar error message) | | enro ; | -01-
| |, Result: | o TS e = PRIMARY KEY (student_id, course_id) ||+ ke AL 00
f name age | couse | [ Example 2: NULL Value (Not Allowed) | ) ‘ i oy 102 2024-02-15
1 All 20 B.Se ‘ | [ INSERT INTO Student (id, nome, age, course) | ' [Resutt : | Enroll Toble Structure | 2 101 2024-01-12
W% Sara 21 BCA | VALUES (NULL, 'Zara', 21, 'BSc'); | | sy | tain [ T | ‘
s Aman 20 Bse | | (OUpED) studentid | INT | PRIMARY KEY ‘
' [ ! | e irmiia 2t - ‘
5 \ ERROR: Column 'id" cannot be null | | [ courseid INT_ | PRIMARY KEY
| | L (or similar error message) | ‘ enroll_date DATE = i ‘
| T T ——————————— | N A — = — | w
| 9. Adding Primary Key using ALTER TABLE | [(10. Dropping Primary Key Constraint | [ 11. Important Points | 12. Conclusion ;
| & We can dlso add a prim constraint to an existing table | To remove primary key from o table. @ Primary key must be unique. | o Primary key constraint uniquely identifies |
| ° using ATER TABLE g " B T It connt be NULL, | S s
e i % Only one pri ke r table. o It prevents duplicate and NULL values.
{ [ CREATE TABLE Teacher ( | DROP PRIMARY KEY; B e iy by e i, yrots dupl ‘
| d INT single column or composite. e It can be s 3 column or composite key. |
| ; ALTER TABLE Teacher | [TExample : ) () Helps in maintaining data. integrity. | o It maintains data integrity and i _
name VARCHAR(50), :> I - psiin ng wegn a e DI
| : ADD PRIMARY KEY (id); | | ) (8) Automatically creates a unique index. | uery performance using indexing. |
| subject VARCHAR(50) ALTER TABLE Student | F !:Lnn 5 ] : i Mol 5
I DROP PRIMARY KEY; N requently changing primary key values | o It is an important constraint in relational |
i ‘ =



1' E
A Foreign

Introduction

n Key is a constraint that
establishes a relationship between
two tables.

It ensures referential integrlt
restricting the values in a nolfwnn
to only those values that exist in
the primary key of ancther table.
It prevents invalid data from being
inserted into the table.

A Foreign Key can contain clu licate
values and NULL values (un S5

specified as NOT NULL).

@
®

kS,
\@

9. F

>{ Foreign Key Constraint 3=
2. Key Points | (3. Syntax ) 4. Example : Create Tables with Foreign Key|
It creates a link between a child | 1. Creating Foreign Key ot the time of toble creation \"1 Parent Table (Department)
Bhie e mpart e | CREATE TABLE child_table ( | CREATE TABLE Deportment ( |
S.iid e connine 5 fordlig, /o columnd. datatype, | dept_id INT PRIMARY KEY,
= referenices, the prunon; column? datatype, ‘ [ dept_name VARCHAR(50)
key of the parent table. |

) J|
(2 auldTubh(smdm)mLthngnxeg

CREATE TABLE Student (
id INT PRIMARY KEY,
name VARCHAR(50), |
dept_id INT, |
FOREIGN KEY (dept_id) 5
REPERENCES Depo.rtment(dEPt_td) :

The data type of the foreign key
must be the same as the referenced
primary key.
It maintains referential integrity
between the tables. |
A foretgn key can have dupli.cul:e i
values. ADD CONSTRAINT constraint_name [
inl?msn k:g L t:‘u‘;fOTNU&ULLfﬂﬁmS " FOREIGN KEY (foreign_key_column) :
SS Spectfied. wi REFERENCES table column,; |
pe | Pwi— primary_key_column); |

6. Valid Insertion (Allowed) 7. Tnvalid Insertion (Not Allowed) | (8. NULLand.Duph.cd‘.eVuluea‘

® We can insert a record in the child table :0 I‘Fwtrgtumsertaforetgnke valu.e e Aforvelgnloegmnhaved licate values.
only if the foreign key value exists in l:hutduesnotexl.stmthepure |

FOREIGN KEY (foreign_key_column)
REFERENCES parent._table ?pnmurg key_column) ‘

i

(2. Adding Foreign Key using ALTER TABLE |
ALTER TABLE child_table

1 | ® A fo can have NULL values
dzpt_u:l dept_m dept_id the parent table. | it will give an error. | b k%d as NOT NULL).
1 BSc | _1 || g  (Bample - ) ‘oMuh.plg:Itiudm-rtscunbelungtothem:
£ Ha 2 || " INSERT INTO Student (id, name, dept_id) || INSERT INTO Student (i, nome, dept_id) | s
3 B.Com 1 ||| VALUES (5, 'Zara', 2); | | VALUES (6. "Rohit’, 5);
) oy i |
‘ ERROR:

' Record Lnserted successf'ul[y because
| dept_id = 2 exists in Department table.

| |
10, Deleting and Updating Behavior | .
| ° Ifwetrgtodelete a record from the

 Cannot insert or update a child row:
a foreign key constraint fails
(because dept_id = 5 does not
exist in Department table). |

All.
i
NULL |
Nehr.l. |

12 Impor{mt Points |

11. ON DELETE and ON UPDATE Options

table that is referenced in the r . Fmﬁlgﬂkesmm m‘“em:tmi :
Child Table Emtnble it will give an error. l _ Optien | Description @ &
(Student) ® We can handle this using ON DELETE CASCADE Ammnhmu#‘ ddmstidms related It links chid 4able vith parert table. |
2 e and ON UPDATE options. records in the chid table | Dutubspwffwaﬂhuuﬂd i
§ : @ .
depbnome | Foreign Key | id | name |deptid| | (Eromgls -] s e | Sets the frgn by vl o NULL prmary ke st be sane. |
references 1 | Al 1 [ CREiATIE T%E SRlud.mtE ( ) in_the child tab ‘ @ %: can m ﬁjptfntm values. ,
i | id INT MARY KEY, |
Primary Key | ™5 T som | 2 ;nme JHRCHAR(50), SET DEFAULT ?&“M‘i‘i:ﬁg@“ kv;i value b its O (i TOT NUL & o |
' I It insertion of invalid data.
3 |Aman | 1 . i ,
e Dgartnetdet d) || pecrpicr | Does nok llow deletion or update f @ OV DELETE ond ON UPDATE options |
o Yl 88 | ON UPDATE CASCADE Ehld e deede control the behavier when parent |
L | Mo AcTION Same as RESTRICT (default behavior). data is modified or deleted. |
|
|



1. Creating Table with Constraints

® We can create a table and define various constraints

CHECK and DEFAULT at the time of table creation.
® Syntax:
CREATE TABLE table_name (
columnl datatype constraint,
column2 datatype constraint,

CONSTRAINT constraint_name constraint_type
[@ Create Student and Department tables
with cansh'nmLs
 Department Toble | | Student Toble
" CREATE TABLE Department. (| CREATE TABLE Student (
dept_id INT PRIMARY KEY, id INT PRIMARY KEY,
dept_name VARCHAR(50)
[ NOT NULL UNIQUE s Mo
L FOREIGN KEY (depﬁ_ui)

REFERENCES Department( dean:{)

%

5. Deleting Data with Constraints |
‘ © We can delete records from a table using DF_LETE

statement, but we cannot delete a parent [
i 1 s reforenond! By 0 et Fobla Lorol et |

o Syntax: |
| DELETE FROM table_name |
| WHERE condition;

. [Example 1 Delete a student record
| DELETE FROM Student WHERE i = 2; ]

e e

|d
1 |
Ddefeudzpurﬁ'rlmt with child records }
\

(Example 2 :
" DELETE FROM Department WHERE dept_id = 1;

“Error ;. Cannot delete or update a

rent row: | &
* a foreign key constraint Fult: |

like PRIMARY KEY, FOREIGN KEY, UNIQUE, NOT NULL,

name VARCHAR(50) NOT NULL,
age INT CHECK (age >= 18),

‘6 AltenngTuble’coAddCanstmmts

L Opero.{:tons on Table with Constraints

° Wecnnmsertreccndsm’wntahl.eﬁ'uﬂ
constraint conditions cre satisfied
| ® Synbax:
INSERT INTO table_name (columnl, column2, ...)
| | VALUES (voluet, value?, ...);

(Esanpl =] st vl s
Insert into Department table:
INSERT INTO Department (dept_id, dept_name) |
VALUES (1, 'BSc');
| | INSERT INTC Department (dept_id, dept_name)
| | VALUES (2, 'BCAY);
-Insert into Student table:
| INSERT INTO Student (id, name, age, dept_id)
VALUES (1, 'Al', 20, 1);

INSERT INTO Student (u:l name, age, dept_id)
[ | VALUES (2, 'Sara’, 22, 2);

| CResult:] S—
rnepummmgf’_ Student Toble

i [ W [ e o) Py ot
[ deptid | deptname | id | name | age | dept d
‘_ 1 _B}_ic _\__1|ALi 20 1
2 | A Jz]g.um e

)
® We can add constraints to an existing table
using ALTER TABLE.
L ] &
ALTER TABLE table_name
ADD constraint_type (column_name ...);

| (Eample :] Add UNIQUE and CHECK constrint

ALTER TABLE Student
ADD UNIQUE (name);
ALTER TABLE Student
ADD CHECK (age >= 18);

7. Removing Constraints
® We can remove constraints using ALTER TABLE.
e Syntax: ' ALTER TABLE table name
DROP CONSTRAINT constraint_name;
le = | Remove CHECK constraint

ALTER TABLE Student I
DROP CONSTRAINT age_check; [

3 Irmerlulngﬂ(lemhonqumsbwnls)

o If we iou'nsa{ummrdﬂuimhtes
any constre int, the database will give an error.
| (Example 1 : | PRIMARY KEY violation |
" (lplae )

" INSERT INTO Student (id, name, age, dept_id)
| | VALUES (1, “Aman’, 21, 1);

Duplicate entry '1' for key PRIMARY'
‘ C&ﬂmph 2: NOT NULL violation |

INSERT INTO Student (id, name, uge. dﬁpi_ld)
VALUES (3, NULL, 20, 1);

Error :  Column 'name' cannot be null
| (Exanple 3 1] CHECK constaint violation |

' INSERT INTO Student (.d name, age, dept_id)
| | VALUES (4, 'Neha', 1); i

Error :

| Error : Check construint ‘age >= 18" is violated

FOREIGN KEY violation |
INSERT INTO Student (id, name, age, dep’:_i.d)
| L VALUES (5, 'Zara', 20, 10);

l Cannot add or update a child row:
a foreign key constraint fails

Error :

(8. Wodifying Toble Struchire with Conslrarts | |

| @ We con modify columns and add constraints

while altering table structure.

[ Example : | Add a new column with DEFAULT |

ALTER TABLE Student
ADD email VARCHAR(50) DEFAULT 'NA';

Example : | Modify column with NOT NULL

ALTER TABLE Student

| |  MODIFY name VARCHAR(50) NOT NULL;

| Example :

Add FOREIGN KEY using ALTER |

ALTER TABLE Student
ADD CONSTRAINT deﬂ.'pt
FOREIGN KEY (dept_id)

| REFERENCES Department(dept_id);

4 Upd.u{mg Du.tu with Consf.mu'd:s

® Wecnnupdrxte_ ishin rﬁcords bit tha new
constraints.

mlnesmustsu{lsfg

:o%dn::

UPDATE table_name
SET columnl = valuel, column2 = value?, ...
WHERE condition;

(Eranple 1:7 Vld Update |
{ UPDATE Student SET age = 23 WHERE id = 1; |
(Result:]

Sl | neme | e | dgtud
1 Al |_23 1
2 Sare |22 R 2

(Example 2 Update violating CHECK constraint

[ UPDATE smm SET age = 16 WHERE id = 2;

Check constraint "age >= 18" is violated

@ Update to invalid FOREIGN KEY |
UPDATE Student SET dept id =5 WHERE id = 1;

VEW'.-Cmmnl:uddur a child row:
‘ a foreign key constraint fails

Ermr

9. Useful Queries to View Constraints
® Wecmchmklhehhhstmc‘tumnndomstmuﬂs

col
':Emmple In MySQL
DESCRIBE Student;

SHOW CREATE TABLE Student;

All constraint conditions must be satisfied during
INSERT, UPDATE and DELETE.

NOT NULL does not allow NULL values.
CHECK ensures values satisfy a condition.
FOREIGN KEY maintains referential integrity.
DEFAULT provides a default value.

gl R

PRIMARY KEY and UNIQUE prevent duplicate values. |



= CViews : Need, Advantages and Tgpesﬁ}i—
Y @ Advuni:uges of Vi.e@

1 What is a View ?

2 Need of View

o A View is a virtual table based on the | ® To simplify complex queries.
result set of a SELECT query. | ® To provide security by restricting

@ Tt does not store data physically like a |  access to specific columns or rows.
table, it only stores the query definition. | ® To present a customized view of data

® It shows data from one or more tables.
® Views are useful for simplifying complex
queries and providing security.

to different users.
® To hide complex SQL logic from end users.
® To maintain data consistency across

‘ mul{‘.iple queries.

[‘5 Sgnto.x of Creu.tutg a View_] 6 Base Table and View )

CREATE VIEW view_name AS

SELECT colurnt, calumn?, id
FROM table_name 1
WHERE condition; g
==
Examp].e | Create a view for student detods I

| CREATE VIEW StudentView AS | |
| SELECT id, name, course
FROM Student;

(9. Types of Views |

name
Ali

Sara

Aman

7lje|'w.7

| [ Base Table : Student

20
21
20
22

View : StudentView
(only selected columns)

id
1
2
3

4

( 10,,§Epljjﬂj

| Views can be classified mainly into the | ® Based on a single table.

name
Al

Sara
Aman
Nehn

@@@@@@

4 -Disudvnntuges / Limitations

Security : Restrict access to specific | @ Views do not store data (they are virtual).
data_(rows/columns). | e Can be slower than direct toble access

Sun.pllﬁes Complex Quenes : Makes

uUeries easter

in some cases.

t:;u Independence . Hides underlying ® Not all views are updatable.

Reu.sublh
multiple
Consts{encg

to access

e Complex views (with joins, aggregates, etc.)
Sm view can be used cannot. always be used for INSERT, UPDATE
t?‘wu.d.es a uniform way or DELETE.

Customization : Different users can have ‘

different views of the same data.

7 Using a View 'ﬂu . Updatmg a View |
ul e We can qu a view like a table. ‘oS' (based on a si ila tabla and, without
= 5 o CI, g u;ng?le;%u’ce functions) can bemgupdute
couse. Y ::rlex views (with joins, GROUP BY, etc.) are
g(:s: SELECT * FROM view_name;
- | Fre Ex Update ‘
~ Bsc | [ Example : | _ Evample : ] Upd bl o et e g
BCA SELECT * FROM StudentView; ‘ UPDATE StudentView | reflected in the base
- - £ SET course = 'B.Sc¢' | table if the view is
 Result : e e S WHEREuifi | le.
i name | cowse
course Ali B.Sc Irm-l: dnta usmg a \new
o) | Al = @@9 s
BCA BE | | INSERT INTO StudentView (id, name, course)
o \ Aman Sc | VALUES (5, 'Zara’, 'BCA');
i I Neha |  BCA
11. Complex View Gz Upda:l:ablz View ((13. Non-Updatable View |
‘ ® Based on mu,lﬁple tables. ‘ l Can be used to Perform INSERT, | ® Cannot be used to insert, updc[h’.

® Uses cms Egregote functions,

GRO

‘[_Emmple

| CREATE VIEW ComplexView AS

i < . e D not. ate funchi |
[ fstlowiong bypes ¢ or GROUP BY. 20 i
P Sine vk | ® Canbe (INSERT, UPDATE,

(2) Complex View |  DELETE).
(3) Updatable View ([Bxample - ]
(4) Non-Updatable View | CREATE VIEW SimpleView AS |
(5) Materialized View ‘ SELECT id, name
(Database specific) \ FROM Student;

| 14. Materialized View (Database Specific)
| o Stores the result set physically on disk (unlike normal

| ® Used to improve performance for comptex queries (especi.ally lo.rge data). |

| @ Supported in some databases like Oracle

view).

| ® Genemllg mu.d—mlg (not updatable). i[.

UPDATE and DELETE npemhn or delete data.
® Usually based on a single table o Usually created using Jguw,s, GROUP BY, |
__and without aggregate functions. aggregate functions, ete.
Example :

) |
CREATE VIEW UpdatableView As | | L Example : ]
SELECT id, name, age i CREATE VIEW NonUpdatableView AS

SPUECT 2.1y ® ame, dudepl o ARG FROM Student; SELECT course, COUNT(*) AS total
JOIN. Déntrtmant T4 | UPDATE Updcd:qbleVlew FROM Student
T e | | SET age = 21 | ' GROUP BY course;
| ON s.dept_id = d.dept_id; | WHERE i = 2; I 4 2
T T = IV — 'y o —
( Example (Oracle) : | ~ (15. Important Points |
[ CREATE MATERIALIZED VIEW StudentCount AS " Niewsidrsvitialeples

SELECT course, COUNT(*) AS total

FROM Student

| GROUP BY course;

do not store data (except materialized views).
Provide security, simplicity and data consistency.
S

views can be mph’.xwewsnmt.mnﬂsmd—ord{f‘:'

lmlurgedutnbﬂsesmdnudhusermvmnments




S~ -
={ Index in DBMS (RDBMS) : Need, Advantages and Types |<
- I —— e e Y e -
1. Introduction to Index 2. Need of Index (3. Advantages of Index | ' 4. Disadvantages of Index
e An Index is a database object that | ® To improve the performance of ‘ @ Faster Data Retrieval : Grea ) | e Extra Storage Space : Indexes require
improves the speed of data retrieval | data retrieval (faster search). | improves t!‘ﬂ speed °‘F_S_E|7E queries, | additional disk space.
cperations o @ fable. | @ To reduce the time requrel to flud | @) pr PEVLL e | o Sowr Dals Molflton ; ISERT
. works like an index in a book, which | records in large tables. | Efficient S o i i | i operciicn
li‘e S "s';nﬂ“d ;P:gﬁl ql.tickflg. | @ To avoid full %o.ble scan. @ lcccﬁ?ﬁrgl roifcmns Helpe it ek | SMOIer because the index also needs to be
¢ - ; ‘ S el ated. »
. cohf:ms :su sorted ::ie: af::g o\f:lt:lwre | e Ighﬁlfltgm?:m rowsibassdticn @ LT—';:OV{_&S P:rf'or‘mwca Espseialy in ® Eumterwt;cie é)v:rhzuh: :Dé!;ddéxes need to
inters to the actual rows in'the table. | o Useful in queries with WHERE, JOIN, | (&) g;:f:i_@fs'sms HpVORDEREREY - W i, Wy DR e
® St ‘ft.c{““"ed."“ o table to speed up | ORDER BY and GROUP BY. | @ Speeds up JOIN and GROUP BY | tables, index may not provide significant
ELECT queries, especially those with | o Essential in large databases where | Improves performance of these queries. erformance improvement.
WHERE, JOIN and ORDER BY clauses. | tables contain millions of records. | ® Maintains Uniqueness : In cose of UNIQUE | @ Too Many Indexes : Creating too
| | index, ensures all values are unique. indexes can degrade performance.
_— : - - S : = -
(5. How Index Works ? | | 6. Example to Understand Index 7. Syntax of Creating Index [ 8. Viewing and Dropping Index |
@ " Whiznt anllindexiis soreat el ol colarr Il ee= - . > - . | 1. Create a normal index i 1. View indexes (syttax may vary by DBMS)
the DBMS maintains a separate index | - TUH:B ¢ i ) 2 ! Ind:(xsom!d%) CREATE INDEX index_name | -- In MySQL
structure which stores the column values | id | name | age | course » < | __ON table_name (column name); | SHOW INDEX FROM table_name; |
in a sorted order qlnng with a pointer 1 Ali 20 B.Se __EF'{EIIEI'E:_%NDEX 57, ; -S'ELII?C'?I-T:!?ROM e |
H [ T T ; | u e | user._| {es
{ o wh:r}:eum;u::m?:uge:iZd with a t 2 } S | 22 BCA ON Student (asg,); 3 WHERE tabl - “STUDENT'; :
5 condition on the indexed column, [ o & B 2. Create o unique index . :2.- Drop an index I
| the DBMS uses the index to quickly || 4 | Neha | 21 | BCA CREATE UNIQUE INDEX index_name DROP INDEX index_name
| ticute tthe m instead of scanning [ 5 | zaa | 20 B.Sc _ ON table_name (column_name); ON table_name;
| e entire : | ) v [ Example : ] [ Example @ ]
I | " CREATE UNIQUE INDEX idx_email e :
[ — em— - _ ON Student (ematl); " DROP INDEX idcage ON Student;
9. Types of Index 1 10. Primary Index | 11, Unique Index 12, Secondary Index | 17. Important Points
| Indexes can be classified into the following types : | o Cmfwicdlumﬂm Primary | o Emww:uutuum;nmmmd | @ Created on a non-primary key column. | @ Pees improw pr bt |
! 1) Primary Index : (E):\sﬁmmqmm‘ii Fnsterh;feurch, : ~ Iotocm b:mcrel;r;:leﬂ;eon it L] E:rd i;:\{:rtrkem of records consume extra storage space |
' (2) Unigque Index i ELM per | HEEQUE constraint. i o Muliple seo 4 e @ Avoid creating too many indexes
o Secnnd.nrg Index [ CREATE TABLE Student ( ] J i ?le i s on a table. Sd[’?\-?‘ET;E ﬂjlg{r:s ﬁgﬂquM in
id INT PRIMARY KEY, | e FEm | . 2 clauses.
| € Clustered Index i name VARCHAR(50) || [Example : ] | Genpieid | () Prinary by s creted andamcticlly,
.5) Non-Clustered Index [T CREATE UNIQUE INDEX idx_email CREATE INDEX idx name - ;
2 Q Indexes need maintenance
[5) Composite Index [ A primary index s outomatically ON Student(email); ON Student(name); INSERT, UPDATE and DELETE.
[7) Function-Based Index (or Expression Index) created on 'id" column. = - i Use appropriate type of index based
(OETREE 6 el b OEERED (O TED  the reqirner
‘& Stores the achualidota rows in the:same | ® Stores lindex entries separately from | & Created on two or more columns. | ® Created on an expression or function LE_“Wle | |
| order as the index. | the actual data rows. ®_Useful for queries with multiple conditions | ;rrilied to a column, o CREATE INDEX idx_upper_name
| o Only one clustered index per table. | © Multiple non-clustered indeses con exist, | 2P, S8 belps Anierist usngifine ot ON Student(UPPER(name)); ,
® Usun.ug created on the primary keg. | @ Contains a pointer to the actual data. CREATE INDEX i.dx_rmme_nge -

| ‘ ON Student(name, nge);
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FETSETT
. Syntax : |

® It excludes non-matching rows. |
" SELECT columns
FROM tablel

INNER JOIN table2

ON tablel.column = table2.column

((Example - ©
SELECT Emp.Name, Dept.DeptName
FROM E
INNER JOIN Dept
ON _Emp.DeptID = Dept.DeptID;
Name DeptName.
Ali CSE |
Sara Im |
Aman CSE |
Neha ECE |
10. Self Join

® A table is joined with itself.
@ Useful whén a table has a hierarchical
relationship, such os an employee and

_t ew manager.
e

L ==

SELECT a.column, b.column

ROM table
JOTM tn-b(e
L u common-column = b.common-calumn;

| (Employee and Marager)

‘EELECT e1.Name AS E ee, e2.Name AS Manager
FROM 3 mploy 2

my H
LEFT JOI
ON ei.l MamgerlD = e2.EmpID;

= LJoms and Types in SQL %

® Retums all rows from the left table
and matching rows from the right table. |
If there is no match, NULLlsre{umzd‘
farﬂmnghttublecolmnns

SELECT columns

FROM tablel

LEFT JOIN table2?

ON tablel.column = table?.column;
[ Example : |

SELECT Emp.Name, Dept.DeptName | |

FROM Ei

LEFT JOIN Dept
ON_Emp.DeptID = Dept.DeptID;
Ali CSE
‘Sara m |
Aman CSE ‘
Neha ECE |
Zara NULL |
(127 Natural Join '
| e Autunmhnul[g oins tnblm based
‘ on columns ‘wi e same name
and compatible data types.

e It eliminates duplicate columns |
in the result.
| SR s | SELECT columns
| =2t e FROM tablet
NATURAL JOIN table2;

—

i SELECT a..pm Name, DeptName
FROM
NATURAL "o Dept;

® Returns all rows from the right table
arld matching rows from the left table.
If there is no match, NULL is returned |
for the left tuhle columns.

== .
E SELECT columns |
FROM tablel

RIGHT JOIN table2
ON tablel.column = table? column;

FROM E FROM Emp CROSS JOIN Dept;
RIGHT JOIM Dept | FULL OUTER JOIN Dej £ 5 3
ON Emp.DeptID - Dept.DeptID; | | ON EmpDeptID = Dept.DeptID; [ Result : (First Few Rows) -
[ MName | DeptName “Result : [ Mame | Al CSE
| A CSE | i el Ali m
Sora . i Aman CSE AL ECE
; Neh ECE Ali ME
Neha | = Sera CSE
i Zara NULL
WL | NULL ME (O — SHE
|12, Equi Join | 13. NorL-Equ.L Biin EH. Summary of Join Types |
e A join cmﬂ:hon uses the equality ® A join condition uses operators | | Join Type
'50 Faar than equality, such as Inner Join | Rtlzhlms oﬁgnmm[:ﬂdung TOWS.
It Hlem.ost mmon of i >, <, >=, <= Bl EN. Left J: All rows m table + matching
¢ . S A ® I|: is used when the relnﬁnrmhlp e ;u\ ﬁ‘nﬁ Fmﬁn?t'hb‘inhlg o
T
a.m.& 1_rssht:lsecicvncu-cmge ight Join ‘Mm;:;nﬁ::tlma matching
SELECT Emp.Nq Dept.D o Full Join All rows both tables.
FROM E :P B, Dot Dectose SELECT e.Name, s.Grade Cross Join | Cartesian product of both tables.
JOIN De%{ ggg:ﬂ Emp e Self Join Joins o toble with itself.
= . 5 Natural Join | Jeins based en same column names.
ON Emp.DeptID = Dept.DeptID; ON :N%nL BETWEEN s.MinSal | Equi Join Uses equality (=) condition.
R < ||

F Sgntm(

Example : | | &
" SELECT Emp.Name, Dept.DeptName = |

1. Introduction to Joins 2. Types of Joins 3. Sample Tables Used in Exammples | 4.
| "o A Join is used to combine rows from | o Joins are mainly classified into the [ e
tc\;lo or T;De;e tubliiel:“ased on a related following types [ Empl.ogee Table (Emp) Department Table (Dept)
o Tl e T o daba from mulple | @ Imer Jom | EnplD | Name | DeptlD | Solary | | DeptlD | Depthame | Location |
tables in a single query (2) Left Join (Left Outer Join) 0L 10 | 30000 10 CSE Pune
e Joins are mainly usgd e the: tables | (3) Right Join (Right Outer Join) Wi 2 sira [ zom | 40000 20 T ‘ Flimiba
have a common column (key). (4) Full Join (Full Outer Join) | 3 I Aol 10 35000 1 |
® Joins help to awid data redundancy | (@) Cross Join (Cartesian Join) | L | 30 ECE | Nogpur |
and maintain data integrity. | () Self Join 4 | Neha 30 I 45000 40 ME Delhi ®
e Examples : Em.plo ee-Department, [ €8y Nibzal Toin 5 | Zara | NULL | 28000 ! "
Student-Course e Z) Equi Join and Non—Equi Join
(5. Inmer Join | [ 6 Left Join (Left Outer Join)| 7. Right Join (Right Outer Join) (8. Full Join (Full Outer Join) |

o Returns dll rows when there is a
match in either left or right table. |
If there |5nnrrL:d;:1\ NULL is returned |

for the missing sids I I

Venangm.

SELECT columns

FROM tablel

FULL OUTER JOIN table2

ON tablel.column = table2.column;

| P

" SELECT ;Emp.Nume, Dept.DeptName

Important Points
Joins are used to combine data from
® s it
A join requires ol least two tables.

Joins can be based on equality or a
cundll‘.mn

Inner join only matching rows.
Outer ams ne{um mni:hm

mo.l:chm rows depending on the t
E‘I returns i;:l'te ngrtesum pn?r

of' bofL tables.

Self join is used to join a table with

itself.

9. Cross Join (Cartesian Join)

e Returns the Cartesian product
(all Passd:rLe combmtlons) of
rows from both

e It does not requme o Jom condition.

—

| SELECT columns
FROM tablel
CROSS JOIN table2;

7 SELECT Emp.Name, Dept.DeptName
FROM Emp

Ik

Non=Equi Join \ Uses non-equality (>, <, >=, <=, BETWEEN). |




8. Using UNION with Multiple Tables

Introduction to UNION
UNION is a set upem}cur in SQL.

1.

® It is used to combine the result sets |

of two or more SELECT statements.

® It returns only distinct (unique) rows |

by default (duplicates are removed).
The number of columns and their
data types must be the same in all
SELECT statements.

e The column names in the result are

taken from the first SELECT statement. |

® UNION can be mainly classified into
two types:

@ UNION (Default)

@ UNION ALL

e UNION can be used to combine more
'H’w.n two SELECT statements.

SELECT name FROM Student
UNION

SELECT name FROM Teacher
UNION

SELECT name FROM Staff
ORDER BY name;

~ g - o‘ .
—,{ Union and Types in SQL }i—
| 2. Rules for Using UNION (3. Syntax of UNION | | 4. Example of UNION
Both SELECT statements must have | _ TquSh;dmtl TnHa:Shmll.erd.Z E
the same number of columns. SELECT columni, column2, ... |l | nome course . W name | course
| @ e dota tupe of caresponding FROM table1 L1 ] m BSe | | 3 | Aman | BCom
columns must be compatible. UNION 2 Sara BCA [ ¢ Neha BSc.
@ T order of ol s b the some | SELECT coum, o2, .. 3 | Ann | BOm | L5 | Zm | BCA
v names in res i 1 Result : (Duplicates Removed)
i taken from the first SELECT statement. Fggg%;ﬁ?io ne. ‘ﬁQT,an«_ B W name course
; We can use UNION to combine more g | o [ Ali BSc |
| than two SELECT statements. SELECT id, name, cowse FROM Student! | 2 | Saa | BCA |
1 ORDER BY (if used) should be ot | UNION 3 | Aman | BCom |
7 the end of the lost SELECT statement. | | SELECT id, name, course FROM Studeni2; | 4| Ngpy | Bse |
: & 5 | Zoa | BCA |
|
6. UNION (Default) S e W e 7. UNION ALL | Table:A | Table:B
o Retums oy distinct (unique) rows. [ [ nama’]| [ [ aama] | @ Reburns all rows including duplicate [ o —-name ) L ame
® Duplicate rows are uu’fmmﬁ.tmﬂg 1 | A || 3 Aman | | rows | 2 Sara 4 Neha
removed. 2 | Sara | | 4 | Neha ® It does not remove duplicates. [ 3 | Aman 5 0|0 Zara |l |
® It is the commonly used type. 31Amm 5 | Zam | | g It is faster than UNION becouse it (‘l :
‘ does not perform duplicate elimination. Result : (Duplicates Included
e——  Result : (Duphmtes Removed) | i
_ Bxample : | [ d [P o iy
SELECT id, name FROM A ’ g i LE@_MPLE 2 Sara
UNION z Sai SELECT i FROM A 3 Aman ‘
SELECT id, name FROM B; £ % Aran UNION AL e 3 | A |
} Lo SELECT id, name FROM B; 4 Neha
S5 IR IS oo S - 5 | Zara
k9 " Differences between Ul ONandUNIONALL ) 10. Important Points ‘
C Port UNION UNION ALL | ® L aod ﬁlfﬁ)wﬁz@m the same rumber ‘
of ct c ypes. |
Duplicates  Removed (only unique rows) | Tncluded (all rows) @ UNION removes duplicates, UNION ALL keeps duplicates. |
Perf Slowetil(chcks' for, dupicates) |Fo.s’wr(m| li theok) Column names in the result are taken from the first SELECT. }
.th.n == : dnia!Whﬂ'l e T | ORDERBYmnheusadoancncentthemd. |
s case SeaeC gl a8 | wmﬁ dulicates | UNION can combine more than two SELECT statements. |
e UNION is useful to combine similar data from multiple tables, |
Sorting g;t;j‘gu):hmﬂgsorts(m g Tl bt | @ but it cannot be used to combine different structures. ‘
L: s used | When mluasmrequiredIWhmpa'F . prieriy '@iNlONmmngusedformportgemmtmmdduta |
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Character Functions (Stnng Functions)

perform operations on character or string data.

These functions can be used wuth data type CHAR, VARCHAR, etc.

Descripton | Synkax

neha@rediff.com

1
A e e e
[ ]
"No. | Function |
1 | UPPER() Cm;;gcg;ma
2. |/LoweR(), |BAOTRERE Seg
[ Converts first letter
3 | INDCAR() | Cometts fusk | _
| [ Returns the number
, 4 | LENGTH() | Rebw
5 | sussTR() | Fdracks sgmﬂg*'ﬁ"ma
|6 [pemg | et e puatin
7| coNCAT) Joms two shrings.
3 TRIM() Rev!‘u_wes l.Eﬂd.mg and
g | M) | Removes leading
SPOL‘ES.
10 | RTRIM() ~ Removes iralling
| SPCI.CES
11 | REPLACE() w‘: m&;“ﬁ‘ﬂ;ﬂ
12 | LPAD() spmﬁad ngtg
13 | RPAD() Esfgpm hni;ghtrﬁs
. Example with Table |
i Table : Student
ali123@gmail.com
I sara@gmail.com
" aman@yahoo.com
3.

Impcn'tam‘. Points

UPPERstring)

| LOWER(skring)
' INITCAP(string)

LENGTH(string)

| SUBSTR(string, start, |
length) sting

INSTR{string,
substring)

| CONCAT(stringl,
string2)

TRIM(string)

LTRIM(string)

RTRIM(string)
| REPLACE(string,

dd.sh’hg nmn'_sb'ing)

| LPAD(;

RPAD( |
sh";a length,
ASCI(string)

CHR(number)

SELECT UPPER('forsko’);

SELECT TRIM('

SELECT LTRIM('

| SELECT REPLACE('FORSKO',
IOI’ IOI);

Bangle

SELECT LOWER('FORSKQ');

| SELECT INITCAP('computer

science');
SELECT LENGTH('FORSKO");
SELECT SUBSTR('FORSKO',

2, 4);

| SELECT INSTRCFORSKO','S"):
| SELECT CONCAT('Data’,
‘Base’):

FORSKO );
FORSKO');

SELECT RTRIM('FORSKO *);

5,7; |
5, |

SELECT LPAD('CS',
SELECT RPAD('CS',
SELECT ASCII('A');

SELECT CHR(65);

Some Queries using Character Functions

SELECT UPPER(name) FROM Student;

SELECT LOWER(email) FROM Student;
SELECT LENGTH(name) FROM Student;
SELECT SUBSTR(name, 1, 3) FROM Student;
SELECT INSTR(email, '@®') FROM Student;

SELECT REPLACE(name,

=y
a,

Result

| FORSKD

|
|
o
|
|
|
It
|
|

farske

T

| Science

6

ORSK
4}

FORSKO

FORSKO

FORSKO

| FoRsKO

warCs

Cgeee

65

A

'A') FROM Student;

) Chorocter funclions are used with string dota. types (CHAR, VARCHAR etc.).
(2) Number functions are used with numeric data types
(3) Functions can be used in SELECT, WHERE, ORDER BY and other clauses.

(4) Some functions (like RAND()) may vory depending on the DBMS (MySQL, Oracle, etc.).

1§

DataBase | |

F.z

10
1

12

13

14

CTT T R

(NUMBER, INT, FLOAT etc.).

In-built Functions in SQL i<

2. Number Functions

® Number functions are used to perform mathematical operations on numeric data.
® These functions can be used with data type NUMBER, INT, FLOAT etc.

o. | Function | Description | ___ég_nta.x___—r'_ ''''''' Result |
ROUND() R"“"dsrm“d:m'pﬁm e | seLEcT ROUND(123.456, 2) 12346
[ | Truncates a number | TRUNC(rumber,
| TRINCO | Rl e plive. | desok shaces SEiECT TRUNC(123.456, 2) 123.45
UL [l e CEIL (rumber) SELECT CEIL(12.3) 13
CEILING()  integer o 1 3);
| 0 equ tosti‘}a\e number. | i |
Returns the |.cu'gt>.=;t |
FLOOR() integer less than or FLOOR(number) SELECT FLOOR(12.7); 12
| equ to the number. | |
pps)  fehue he fhwide | ABS(rumber) SELECT ABS(-25); %
MOD() Felimg Dvlreve | MODINRGH, SELECT MOD(10, 3); 1|
Returns base raised | ‘ ‘ |
roweR) R | POWER(base, exp) | SELECT POWER(2, 3); g |
SGRT() Rﬂwﬂ the square root - 5QRT (number) SELECT SQRT(49); 7
EXPO) Relums ¢ raisad 0 | Exp(oumber) SELECT EXP(1); 2.71828
16 ~ fetums, naturcl logerithn | ) o6 runber) SELECT LOG(10); 2.30259
L0G10()  Retums logarithm buse 10, LOG10(number) SELECT LOGI0(100); | 2
GREATEST() | Reurms the largest GREATEST(rd, n2, ...)| SELECT GREATEST(10, 25, 5); 25
LEAST() Sjm“f"sﬁo”rr :“h"s“f"‘ LEAST(n1, n2, ...) | SELECT LEAST(10, 25,5); 5
SIGN() ?ﬁﬁ;ﬁw LYol e  SIGN(umber) SELECT SIGN(-20); =
RAND() Em"‘o‘lﬂr’;’ﬁ"‘m pesic). RANDO) SELECT RAND(); e
| Example. E"‘th:[“éli y Some Queries using Number Functions
Toble : Marks [ SELECT ROUND(marks, 1) FROM Marks;
name TR SELECT TRUNC(marks, 0) FROM Marks;
oy s SELECT CEIL(morks) FROM Marks;
T e SELECT FLOOR(marks) FROM Marks;
3 - SELECT ABS(-marks) FROM Marks:
Aman 92.130 SELECT POWER(marks, 2) FROM Marks;
Neha | 41987 SELECT SQRT(marks) FROM Marks:
‘ [5) Functions can be nested. (Example UPPER(SUBSTR(name, 1,3)))
| (8) Functions can be used with columns, literals, expressions or another function.
N G Using functions in WHERE clause may affect performance.
| (&) Always use appropriate function as per requirement and data type.



‘1. Introduction to Date Functions

:“

- wR e R

= { In-built Functions in SQL : Date Functions and Group Functions

"}_

_2. menmlgUseanteFuncﬂons_
Returns

1. Introduction to Group Functions

2. Commonly Used Group Functions

Date functions are used to perfk ratio | o CURRENT_DATE / SYSDATE : e Group functions (clso called Aggregate functions)
cnnﬁm%!mump“mape " the ouren date | m\ausedtomp‘:rfgmncolctdoimr?sgmuiusetcf ‘QCOUNT( 2ot tmnmbond som:
Thy hdp b0 extrct, maipiate and format * CURRENT_TIME / SYSTIME ; Refima tae Sl o e g sligfe reslE @ M0 b b bt s 6 ¢
Th : i o NOW() : R & £ date and time OTh.mJaEPemhannml mwsf’mmu.fuble.
es,?\ unctions are usef md ieving (MyS QL) ® unctions are commonly used with the | @ AVG() : Returns the average value.
cific pa.rfsmc[ge.ur munﬂ\ cu‘.‘;) performing o EXIRACT() : Extracts a spmﬁc part of o dae. GROUP BY clause. [
calcu{uhons e DATEADD() : Adds a specified interval to a date. | @ ignore NULL vuluas (except COUNT(®), | MIN() : Returns the minimum value
The data b:l usexl is DA E or TIMESTAMP E,nglé[)??[:() e w ';11 counts all rows) ! :
L] - Returns ifference between
(d ::1%. t;n |:|1e DBMS). dightly e ey £ ° EuTI;LP functions are usef'u.l. for summarizing dﬂtﬂ. @ MAX() : Returns the maximum volue.
A e e W(Mwssm g ssm_s ). ® TO-CHAR() / DATE FORMAT() : Comverts a totals, averages, minimum, maximum,
4 d i date to a specified format.
,,,,,,,,,,,,,, 2 e
List of Date Functions | (3. List of Group Functions
e . S o = T Xl P S T
| Fodin | Dl | Sl | B i || M. | Fuelin | Deerlen i Bomle | (Fom goe tte)
CURRENT DATE ~ Rebums cwrent | CURRENT.DATE  SELECT CURRENT_DATE; 2026-10-03 | Counts the number | COUNT(") or SELECT COUNT(®) '
date. 1| COUNTO | o o COUNT{column) | FROM Emplogee: 4
CURRENT TIME ~ Retumns current CURRENT_TIME | SELECT CURRENT TIME; 16:25:30 Returns the total SELECT SUM )
- 2 SUM) | wmofammeric | SUM(column) i 155000
NOW() Aite o Now() SELECT NOWK(); 2026-10-03 16:25:30 i ‘ Employee;
of | EXTRACT( | SELECT EXTRACT(YEAR [ Returns the average AVG
BRACT) O (Pl FROM dol) | FROM +2026-10-03) AL 3 OMGO e of o mae | AVGeolrm) ?ELC’EI‘:[:TEMP Dg(je.e £
Mﬂs a W‘ﬁ’d DATEADD(interval, SELECT DATEADD(DAY, 5, e ' [
DATEADD() (SQL S;:EJ i u(iai.g) > *2026-10-03"); ( 2026-10-08 i MIN() Returns the minimum MIN(column) SELECTEm;ﬁHS;Luru) 30000
Rghm U‘\g " i !
DATEDIFF() ﬂ"ﬁ: gﬁEBIFF(datei, sgggrogfrgtsm( 2026-10-03', 8 (days) 5 MAXO) Reh::w the maximum | MAX(column) ;Egﬁﬁégﬁ) 45000
Converls o dale to - i : X ' | e A .
T0._CHAR() fpmﬁe‘)i Sl .Tm?(dm' Q'EIEEL:EE‘IENT—O&A;!( 2026-10-03', | g3.0CT-2026 4. Example with Table [5 Examples of Gronp Functions |
Oracle). | e
Table : Employee |
Formats a dte  DATEFORMAT  SELECT DATE_FORMAT('2026-10-03' i - - Gy md Tondt
DATELFORMATL) (Mysal: (dabe, format) | "d-AmKY"); e @ | name Slory | SEIECT COUNT() FROM Emplogee; - 5
ADD_MONTHs() Ak et o A0 AT | SELECT ADD_MONTHSC 226-485' | aczpant-oa ; 5':; Crer m SELECT SUM(salary) FROM Employee; - 186000
S Lo i SELECT AVG(salary) FROM Employee; > 37200
LASTOMO  Gheelie o LAST DAv(dde) | SELECT LASTDRY(2026-02-40'): | 2026-02-28 3 Am};': Crer 35% SELECT MIN(salary) FROM En.:rlnﬁea‘ - 30000
i - 4 Ne 45 - ;
Retumns difference | MONTHS_BETWEEN SELECT MONTHS_BETWEEN( 2026-10-03', 1 SELECT MAX FROM ]
MONTHS BETWEEN) " ekl (Orace). | (doker, date?) | *2026-07-03'); iz 3 s 9" ECE | 38000 L (salary) FROM Employee - 45000
verswo | BEETE | N SEECL XM | aneag. 08 6. Using Group Functions with GROUP BY (7" Important Points )
TRUNC() ;mw port TRUNC(date) | SELECT TRUNC('2026-10-03 16:25:30'); 2026-10-03 . : E:t %E;ﬁu vulisus:\; :jfrl.:ipc:?:r:ns @ C‘“‘P t:r“-::\sNrJ!L:fn v:b:gh mlm
N e—— o ¥ | e ions are upp!.mi group
E‘“"‘P‘” with Table L%ﬂg Queries j o l_t_hil'i‘_“l g i wale et s i SOk @ (T:(efp:mcﬁum »)nth GROUP BY
___Toble : E"‘P"w g™ | SELECT rame. BCTRACTCYEAR FROM fonde) FROM Enploge; — Rebms yer o inng | _ Exam Result : Q@ &
pnant 1 SELECT name, DATEDIFF(CURRENT DATE, join_date) FROM Emploges; -~ Days since joi . COUNT(*) | SUM( used on numeric |
; &':“m i ﬁ;—ig [ m SELECT name, DATE_FORMAT(join_date, "%d-%m-%Y') FROM Emplayee; — Fmﬂ,ﬂ'ﬁ EEEEMCT dﬁp&‘ LS S dcsql’gt Tl 2 | 5533"‘" @ Fhi c:mhj
pn | xS0 | wosa | | SELECT name. ADDMONTHS(jondake, 6) FROM Emplogee: —— 6 months oflr Jinng | GROUP BY dept; m 2 so0 | (0 by S WL s ek
‘ New | 20260905 | 45000 | | SELECT name, LAST DAY(jon_date) FROM Emplogee; - Last doy of in monkh | 2 e 1 i w0 | and



\Cln-bw.li Functions in SQL : Conversion Func{:wns} 2
1. Introduction to Conversion Functions |2. Commonly Used Conversion Functions ;("3 TO_CHAR() Function | 4. TO_DATE() Function
@ Conversion functions are used to convert TO_CHAR() : Converts a date/number to a character string. |.Cmva'lsunumheru'daleluudmmzterslnng |.Convzr|‘5ud’mructerslrmgl‘:oadnlevalue
ﬁ“; *'mmu:refwuldn:;m type W Wd;h type. TO_DATE() : Converts a character string to a date. [ wﬁa& format. | o [Spaii)
L] are we orm | . L by v .
cperations on data. of different. types RO Prrmilobcig et Blog il ' E G 1 D fik) ! TO_DATE(char, "format')
(e.g., convert string to number, number to string, (standard SQL). Emmpl-i Mumber . ey
b ie,ghng, eic ) @ COWERTO) : Carverls @ value from one dota. type o anclher | SELECT,L?“““‘R(”""*S' i (awpte 3
@ These functions help in data formatting, (moiel i SQUY Server) L _ p ) SELECT TO_DATE('03-10-2026', 'DD-MM-YYYY")
T im"“( and dﬂ: TS“.TW[SSE*’SEM ; @ MO Replaces NULL with a specfied vlue (Orade). Result : 0N mm-,ss ] FROM dual;
@ Differe Oracle, My r : Returns NULL i bwo ual, S B Result :
vl Ml b T L e O il R e i (Bample 2 5 Dals bo shring © TODATE('03-10-2026', ‘DD-MM-YY) |
(® (COALESCE(): Returns the first non-NULL value from a list SECL’E‘CT dﬂ_cmk(svsmrs 'DD-MON-YYYY") ‘ i 0'3—OCT—2'02'6 |
of expressions (standard SQL). | Reit: TOOMRGISE MY i i
== - ey
(5. TO_NUMBER() Funcion | 6. CAST() Function (Standard SQL) 7. CONVERT() Function (SQL Server) (8. NVL() Function (Oracle)
D'Cm;va:b_s_uchmcta's(ru\gtonnumber :.mﬁumfmmemwbmw\.Cunvgr'tsuvuluzfmnonzdutntgpztuumﬂmr |.Repiq.cesNULLmthu.speclﬂedvuLue
™ S.pfm_ ‘ TO_NUMBER(char, “format) | o Famie ‘ ; (du.tn. 'GPE specified) L] Sgdnx J NVL(expression, default value)
e | © =2 CAST(expression AS data | | © (s data i :
(Brample & ] (- ipe) =y CONVERT(daka bips, cxprmton, i)l O T N oot ) S ol
SELECT TO_NUMBER('12,345", '99,999') [ Bxample ([ Example : | FROM Emplogee;
FROM dual; SELECT CAST(123 AS VARCHAR(10)) 7=
A : FROM dual | SELECT CONVERT(VARCHAR(10), GETDATE(), 103); ey = |
: PR TS Result :  Result : (1 | m | soo [ so0 ||
TO_NUMBER('12,345', '99,999') CAST(123 AS VARCHAR(10)) | ‘ CONVERT(VARCHAR(10), GETDATE(), 103) | 2] s | w0
| 12345 ] ‘ 123 | \ 03/10/2026 | 1 3 | Amn | 3000 | 3000
9. NULLIF() Function 10. COALESCE() Function (Standard SQL) [ 11, Important Points 12 Summary Table
@ Returns NULL if two expressions are eq_unl ® Returns the first non-NULL volue from a list | @ Conversion functions are helpful for data type Function Purpose
otherwisa expres ibility and formatti || TO_CHAR() Converl. number/date to
i robarnsthe e . 2 ~ ! ® ;ghcum()mrozf%??mmlgm I 13“2”:%() cmmmt;m i
[ Syntax : ] ; ey | TO_NUM Convert rumber |
< NULLIF( aprlssmi. opression2) | T =, COALESCE(exprl, expr2, epr3, ...) I G) 1o NéJ)MﬂER() wnva'&sa“-l'mfg *-lﬂ number. CAST() mﬂ%ﬁﬂ another data bype |
[ P | E’“”Pi‘ ) e) CAST() is a standard SQL ion. |
Ebmepeil) SELECT COALESCE(NULL, NULL, 'FORSKD', 'N/A') | 8 CONVERT) s mainly used in SOL Server: CONVERT() | Convert vaus {o onother dota bps | |
SELECT NULLIF(10, 10) FROM dual; FROM dual; ) NVL() and COALESCE() are used ko handle NULL values. (SQL Server) |
- 0 Y I with a value (Oracle
Result : o Y R (7) NULLTF() helps in conditionol NULL reburn. [ NVLO Reploce NULL with a volue (Oracle)
{ NULLIF(10, 10) (NULL, NULL. . "NIR) I These funclions are widely used in SELECT, INSERT, || MULLTFQ) Rekurn NULL  bwo exgressions are squd |

‘. NULL ! L FORSKD J UPDATE and i expressions. | COMLESCE()  Relum first non-NULL value |




, —| Use of Alias,
- [ Use of Alias, NULL (NVL) and Sub Queries in SQL | <
i SQL (AS) (1 NULL in SQL "'T """""""""" e
° is a name given to a column T T . ‘ 1. Introduction to Sub T
P et e iy Outsput P or table. : RULL retpresents a n'ussmg. unkmwn or undefined value. | ® A Sub query (or Inner Queﬂes
Gﬁhasexlstsonlgfurﬂmdmntmnofﬂnequerg Oltiaﬁﬁzmmmimsw ‘.R““gd?ﬂr:LMdu?u it will s il
o I s created using the AS kepword (cptional in some cases). | 9 NULLismwfm"?}.e ol s S ¢ o Sub queny is writen witin Mi"'“““‘db”‘*’mf qery.
o Ll mmid Mg te S e i g o JEL o e i s 1ok amloble or rol aplesle @ T ot e o ol L
| A ‘ | ® Tocheck NULL we use IS N ’\ "S”qumnbemadm:s&m FROM, i
| 2 THPGS of Alias 4. Table Alias i UL and 15 NOT, NULL (“ﬂ’t NULL e Sub query is executed first and its result lsWiEelilEbmihHWIEE s
@ Colrnn Mlos. < To ghe @ new | 2. Example of NULL £3 Chmklng NULL @ It helps in filtering data, performing comparisons W;PLZ‘; qwi.‘“:?
nnmlnucoiurm:t-smtm:u d 2 TH'PES of Sub i :
i the resdt. | SELECT tcolumnt, t column? name | dept | salary | SIECT columnname ' Gesies
@ Toble Als T g gt i FROM table_name AS t; ‘} 1 ‘ Ali | CSE | 30000 | FROM table_name [1) Single Row Sub Query : Returns only one row (one value).
l S Emrlqﬂ!_ T il 2 (S | rr . NULL | WHERE colmruLnnme IS NULL; E; Multiple Row Sub Query : Returns multiple rows (mu-lhple values)
i@ Eopresio A T ok & g SELECT ename, esalary \ 3 \Am[ 735000| ogle Multiple Column Sub Query : Returns multiple columns.
| an i |
! oo s | L TR0 Emloke A0 L4 [ Neho | ME | NULL | wieRe mlEF:gOTSENUﬁE = O it ? ndfa;%umu;ﬁe e '-
P I | e | - ‘ Result : | e el
37 Column Alias 5. Expression Alias @ name | dept | salory | O Mo-Carsanl S Gemy: z“ﬁffs mmndmﬂy Nreslt dos ndk
rSgniux fox : | — .E_"' i E:i I | N | s i e
e | { 4 | Mehn | ME | NULL | (| 3. s-tenws(.g""“
SELECT coumn_name AS dlias_name | SELECT oxression AS ol e  Query L"r Mu&xple Row Sub Query |
FROM. table_name; FROM ol e Ak aas 4'NVL](§VL Function (Oracle) T who ha the sy | . |
s o is an in-built function in Oracle. ik ”ﬂﬂﬁfwm the departmen
; [Eﬂnple i ‘ ﬁmpll:i ] It 7reip£nf.e.s NULL with a spam?wd value. | QSSE?EC?TW S-ni.arg D!purhnﬂdmtuble h:
| | SELECT AS Student ‘ LECT name, salary*12 AS [ Syntax : SELECT name, '
1 salary Aménm”ﬂnﬂilg_sulﬂ;ym’ Annl-ID-L_Salurg L NVL(expressnon replacement value) EﬁggE Esr:ralf_aee: T FROM EmFlagggngl
| FROM Emplage; FOMsErgle, EE‘E‘“'"PM [ Bample 2: FROM, Enpiee MRS e I Ca il Dt
Result : Result : FRBECTE.H““”P‘U EWLe {oslary, C)AS Salergf, | {SELFCT o NVL(cept, Mot | NG o il
Student_Name | hame Annual | i) AS Depirtmant 5. M i Column  Sub l
w Mt;dcn_;ﬂ_us;hm _ - Saary | o | FRom Empl.ogee ‘FE "mpl" Query r& Correlated Sub Query
S 1 IN= s || name > Result : nruianplnges.swhm( el oy X ’
Aman | 35000 | | Aman 420000 = 000 | v - S mm& i m wﬁymﬁm&: rp:’t::m
! | [| [ Sow 0 | | CSE |  SELECT name, dept, SELECT ;
r( ‘Neha | 45000 | L Neha | 540000 | | Aman =i ‘ AS::. } T , FR?E: (Eﬂng'zg iﬂ?ﬁ salary IR %dzﬁ salary
Neha a ECE WHERE (dept, salory) IN (SELECT s WHERE salory > (SELECT AVG(
6. w Points ( All.a.s) == 0 Neha ME | FROM Ti::&:;;my s ?ﬁ) .
| e Alias is optional but recommended for better readab Important Points et Lok )
B Uhse AS kegword. (con be omitted in column iy ity TMLBMQ m{(l::ubﬂ NVL) 1. Sb Nth'gh\FROMCI.uuse gs wpu..ﬂs(&.b Queries) |
o Tn table als, 5 s usually not used (optional). o Use IS NULL 7 IS NOT NULL to check NULL values Cesgiad e e e T
| ® Alias name should be meaningful. | @ Use NVL() to replace NULL with Cdeful 1 ‘ Find average solory of each department "“*“*P lurys Sl ks
| @ Alas conot be used in WHERE clause (it can be used in ORDER BY) o NVL() s el i SELECT, WHERE, gnoem;ue ' o (i T . gﬁ el & " S
| o Itis useful in expressions, joins and when column names are ® NVL() is an Oracle specific Ty (In M sl BY and expressions. | SELECT dept, avg_sal ws??.ffﬂ:wbﬁg""& in SELECT, FROM,
|l o Alins helps avoid column name ambiguty in_joins long.| o We can replace NULL with string ns.Lm]Jergor D:; gri;l‘:oi:‘u()). FROM (%ﬁr dep, AVG{sclery) AS o sal | @ Use IN, ANY, ALL with muligle row sub queries
2 i . d g Correlated
\ o Useful for hendling missing data. and. avwiding errors in calculations. GROUP B o) & c N aree e |
| g i ing cnpler s o gl
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1. Introduction to PL/SQL

e PL/SQL (Procedural L uage / Structured Lan N
is an extenswn of S(?EHd.eveluped. by Orac Q‘Mﬂ it

OIi:Lsu. zﬂm{;oumbmes';hednl;u.
i E:cepuwer of ﬁ with the procedural features
oF programming

o PL/SQL is used to wu:l:B:sbl.ooks of code (programs) and
execute them in the Oracle database server.

® It provides constructs like variables, constants, dota hjpes
control statements, loops, cursars, functions, etc

° PL/SQLcadELsexeculedmlheserversndz wluch
performance, security and reduces network traffic.

o ltis wtdelg used for develupmg database applications,

stored procedures, triggers and functions.

(5. Eanyle of o Single PL/SQL Block | | 6.

DECLARE fik®
v_num NUMBER := |

BEGIN

DBMS_OUTPUT.PUT_LINE( ' Value =
END;
/

(Outpat : |

Value = 10

I vnum); |

9. NUMBER Data Type 10,

° Uitgﬁq\renmm(mlegcrwdmﬂ)

@é@ @@@@e

2. Features of PL/SQL (3. Advantages of PL/SQL j L 4
Combines SQL with procedural consiructs. | () Improved. performance (less nebwork traffic). |
Supports variables, constants and dota bypes. | () Bebter securtty (code stored in dotobase). |

Includes control structures (IF, CASE). Modular programming (procedures, funckions).
Supports L oops (LOOP, FOR, WHILE). R ity of code |
Allows creation of procedures, functions, E ; - : §

asy error handling (mepb.on hn.nd.img).

packages, triggers. |
Provides exception handling. j Maintainability and readability,
Sutkable for complex business logic.

Modular and reusable code.
Executed the server side (bette
R pilger Integration with Oracle database features.

performance and securd:g)
PL/SQL Identifiers

Identifiers are user-defined names used for
variables, constants, procedures, functions, etc.

@éeée@

| ® PL/sQL pmmes various data types to store |
values in varigbles and constants.

Rules for idantifiers : | @ These dota tupes are similar to SQL dota ||
@ Must start vith o letten | types but with some additional types.
Can contoinletiers) mimbers TS ol 2| ® Data types are mainly classified into the

following categories :

@ Scalor Data Types (Single value)
Composite Data Types (Collection of values)
Reference Data Types (Pointers)

LOB Data Types (Large cbjects)

%TYPE and %ROWTYPE (for database m‘l’qmﬁlh{[lﬁj)

DATE Data Type |

@ Carinct start with @ number,

@ Cannot be a reserved kagwoni.

@ Maximum length is 30 characters (Oracle).
Not case-sensitive (but conventionally written |

O

in lowercase or mixed case).

0[O0

[@

VARCHAR2 and CHAR Data Types !

| -

11,

@ Used to store character (string) values. ® Used to store date and time values.
o | Syntax : | ® VARCHARZ ~— voricble ?stm orly octuol data). | @ Default format is DD-MON-YYYY.
" varioble_name NUMBER(size, scale); E SZ:::: g 2 it pecs e i) Egltﬁi'”im time (hours, minutes, seconds).
@ size = total number of digits | variable_name  VARCHAR2(size); y : 3 3
o sl -+ sumbes o gt oFier desinel pock (o ) blerens | OWae) _ﬁ S variable_name DATE;
» I X 4 W 7‘7 ,: o
EE’[;LM&] DECLARE ) | DECLARE
y_id NUMBER(5); . i.nhl!ger :znme VARCH:;?Z(?_O). I SEGN\I\Imn—dntE DATE;
v sal NUMBER(8,2); == decimal BEGIN | V_join_date := TO_DATE('03-10-2026'
BEGINld 01 v ::él;e := 'FORSKO' ; | 'DD-MM-YYYY"); L
= = 'C8101'; ' T ;
(sl := 12345.67; DBV, OUTPUT PUT LINE( Nare = ][ v mm), DEMS. OUTPUT, PUT LINE(: Jotr Data = &
DBMS, DUTPUT.PUT_LINE( D= |L v |.d); DBMS_ mmnurpu'r _LINE('Code = * || v_code) TO_CHAR(V_join_date, 'DD-MON-YYYY'));
DEMS_OUTPUT.PUT_LINE( * Salary = sal); | BD; : . e
END; ; / o i |
/ | i gj;f; C@%ﬁ'@ ' Join Date = os—ocr—zozeJ

7

| 7. PL/SQL Data Types (Overview) [8 ‘Scalar Data Tgpes j

° SdedububjpesﬂorEusmgL:valu
® These are the most commonly used data types in PL/SQL. |

Data Type Description 1

|| NUMBER | Stores numeric values, [1

| VARCHARZ | Stores variable-length character data. |
CHAR | Stores Pured-length character data. 1
DATE | Stores date and time volues. I
BOOLEAN | Stores Boolean values (TRUE, FALSE, NULL). ||
LONG | Stores large charncter data (less commonly used). | |
RAW Stores binary datn. }
BLOB | Stores large binory data. |
CLOB | Stores lorge choracter data. !
BFILE | Stores binary file data (external file).

12, BOOLEAN Data Type

| @ Used to store Boolean values.
| @ It can have three values : TRUE, FALSE, NULL.

Structure of o PL/SQL Block

Every PL/SQL program is written in blocks.
It has three main sections:

DECLARE

-~ declaration section (optional)
BEGIN

-~ executable section (mmdntcrg}
EXCEPTION

-~ exception handling section (optional)
END;

° ~ Mostly u: used in conditions and control statements.

|

L Syntax : i) varicble_nane BOOLEAN; 1
[ i |
(et 2 1
DECLA ‘
V_le.\g BOOLEAN; 1

BEGIN w
¥_flaq == TRUE; \

IF _¥lag THEN |

DBMS “OUTPUT.PUT_LINE( 'Flag is TRUE'); |

END IF; ;

END; e |

/ [ Output : | L
Flag is TRUE w |



(& Bl 4 ¢ Congee LIS Black (OECLATE, BEGIN, BXEFTION) ) 5 o optant Pt |

={ Block Structure Of PL/SQL =

1. Introduction ZSﬁwhmuFuPLISQLM |3 Explanation of Each Section
i ]
® A PL/SQL block is o m of code tht T DECLARE | | DECLARE Section (Optional) | | DECLARE -- Optional section
consists of o group of Declaration Section | -Usedt,udadnrevumblesmtsmrm Wmﬂapmsluntmmrehdainmfwns
e It is the basic unit of execution in PL/SQL. | ( (Optional) ) ! ined vumblen.u.rned.u
J ta_
® Everg PL/SQL block follows a spauﬁr: structure. | - * - ~ g [f tha-e i8 no d.adnruhm Uus section. can constant_name  CONST; dntu_tgpe value;
@ The block structure allows us to declare variables, | (Em'ﬁ?m = | @ BEGIN Sectmn (Mandatory) cursor_name  CURSOR .
;“"‘ ““t‘f“j"‘t‘ﬁ‘m e (Mandatory) | | o Cibiia S ek it BEGIN -- Mandatory section
L et 0 + < ; e At least one executable statement must be -~ Executable statements
. %nEILDiEQL w)u can write unnngrrenus blocks : EXCEPTION | present in this section. -- DML, queries, control statements, etc.
vadhout namne) or e, Bocks' (procadires, | (Exception Hm*"ng Section) EXCEPTION Section (optmui EXCEPTION -- Optional section
functions, packages, etc.). | (Oph:n.l. ,' @ (ex{:ﬁphms) g thd.

- [fUmLsm
- o unephanhmd.hn.g
| 0 END (Mandntor )
| oMa.r{rs&emdafhPLfSQthock
e Every PL/SQLElockmnst.delEND

PL7SQL Black vith DECLARE

5. Example 1 : Sinple PL/SQL Block (Without DECLARE and EXCEPTION) | [ 6. Example 2 :

END;
(Termination of Block) _}

BEGIN . i DECLAR,.EW VARCHAR2(20); l
DBMS_OUTPUT.PUT_LINE('Hello PL/SQL'); | Output & voge  NUMBER: [Output i) |
END; BEGIN i y |
7 L Hello PL/SQL v_name = 'zmnsxi 0 Name : FORSKO | 1
V. e
—— i uﬁ OUTPUTPUT..LINE(Mm- ‘|| v_name); ‘ Ag! &%
o DBMS_OUTPUT PUT_LINE('Age ‘|| v_oge)
EN;

10.

Tt DECLARE section is optional, BEGIN section is mandatory |

.

v_numl NUMBER := 20;
v_rum2 NUMBER := 0; i - and EXCEPTION section is |+
v_result  NUMBER; (Oubt =] | & Ewr% PL/SGL block must end with END; (o)
BEGIN o If Cmmﬂmgmimwﬁmmmﬁdﬂwﬂ.ﬂ
1= v v_num?2; || Error : Division by zero with BEGIN.
| DBMS OUTPIJTPUTI.INE(Ru;I.t “ | v_result); | 5. riok, allowed . Wﬁoandnd.m’enmlh.plnvuﬂnblaaml‘]\nDECLAREsechm @
EXCEPTION ® The EXCEPTION section is used to r-unhme errors
WHEN ZERO_DIVIDE THi and prevent abnormal of the prog
WPUTJ.INE(EWH‘ Division by zero is not allowed'); ® :tnPLISQLH.n&oun :h:tmwuts PL/SQL

| structures (IF, LOOP, etc.) and
T?ub!oécumhdasnsmgiuumi

WHEN OTHERS THEN
DBMS_OUTPUT PUT_LINE( ‘Error :
END;

* || SQLERRM);

(o)

(7. Bxample 3 : PL/SQL Block with EXCEFTION |

- DEcmmmE NUMBER := 10;
vores NUMBER; _ Output : |
BEGIN
v_res 100 / w. ‘ Result : 10 |
DBMS._( OUTPUT PUT_LINE( Result : * || v_res);
EXCEPTION
WHEN ZERO_DIVIDE THE
e DBMS_OUTPUT.PUT LINE(C«nnnt divide by zero');
END;
Types of PL/SQL Blocks
Tupe i "*_"E'mﬁ.'_'_ ]
Block A block without @ name. :
Anoaymous Uced fir .| DECLARE ... BEGIN ... END; .
Named Block A block with o name that | CREATE OR REPLACE |
(Procedure) can be stored and called [ PROCEDURE proc_name ... |
Named Block CREATE OR REPLACE ‘
(&m} A Mack that rebios @/ valia. | FINCTION finc nome .. ||
A collection of related CREATE OR REPLACE [
(Pudmge) procedures and funclions. PACKAGE pkg_name ... i

4. Syntax of a PL/SQL Block

WHEN exception_name THEN
statements;

END;  -- Block must end with END;




~ @ . . . L -
=|_ Exception Handling in PL/SQL  |<
i Introduction to Exception Handling 2. Tgpeso‘FExcepﬂons 3 Common. Predefined Exceptions 4 Sgnl:axofExcephon Hund].mg
bk ; r 1 e |
@ An exception is a runtime error or an | e ‘ NO_DATA_FOUND | Raised when a SELECT I DECLARE
event. that occurs during the | Bml.t—m ﬂoﬁn.s | stabemen n ows. || —— Dedlarations (variables, constants,
execution of a PL/SQL block. || ¢ | Predefined | | TOO_MANY_ROWS g“d“mnt rzfqrnSEsLE\iIe user-defined exceptions, etc.)
a Exoeptmn handling is used to handle these | | (Oracle) Bxceptons | (e mN?TQO‘;%UND 1 one row. | BEGIN
E:.:z{ m'dmut abnormal 1 ‘ ZERO DIVIDE) ‘ ZERO_DIVIDE R:i.zﬁowollcmmdmm — Executable statements
‘ || DUP_VAL_ON_INDEX | Raised. when tnsert/ EXCEPTION
t]tnﬂnwsustoda{:ac{theem’mke || o | User-Defined m’h";”‘ﬁ“ . Vol 2 i it | -~ Exception handlers
:gpropnﬂ%e action and continue the execution Exceptions ! EXCEPTION keyword. | VALUE_ERROR Raised when a data , WHEN exception_name THEN
| s s
| | a cursor is
e Exce toroes the l'd:g IE SEESEEE:PM | | Raised bg Omf;‘bmnfum | INVALID_CURSOR Fafee: [ WHEN OTHERS TH!EN
PL/SQI. ngl"ﬂms R errors (eg invalid data, | OTHERS | Cntchzs all Uu'lar wqﬁms = Stutements,
| constraint violation, efc) |1 il as sole || END;
. | ). J I
(5. Example 1 : Handling Division by Zero (ZERO_DI DIVIDE) [3_3@_2_ H_an_cll.tn.g NO_DATA_FOUND | (7. Example 3 : Handling TOO_MANY_ROWS
| DECMEEM NUMBER j VARCHAR2(20) | e RCHAR2(20) '
v_ =0 ! v_name 0); . I v_name VA s - 5|
v_num? NUMBER := 0; . ~| BEGIN Output : | BeGIN _ Output :
v_result NUMBER; Output : | SELECT name INTO. v_name ' \ SELECT name INTO v_name \
BEGIN If ] FROM Employee No record FROM Employee | More than |
v_result := v_numl / v_num2; Error : Division WHERE id = 100; -- assume no such id N o WHERE dept = 'CSE'; -- retums multiple rows | one record
DBMS_OUTPUTPUT_LINE('Result = * || v_result); | by zero is ot | DBMS_OUTPUT.PUT_LINE('Name : * || vname); | . o DBMS_OUTPUT.PUT_LINE("Name : * || v_name); | found.
EXCEPTION allowed EXCEPTION given | EXCEPTION L
WHEN ZERO_DIVIDE THEN . WHEN NO_DATA_FOUND THEN 1D. WHEN TOO_MANY_ROWS THEN
DﬁMS_OUTPUT,PUIT_LlNE( Error : Division by zero . DBMS_OUTPUTPUT_LINE('No record found DBMS_OUTPUT.PUT_LINE("More than one
is not allowed."); for the given I0."); record found.);
END; END; END;
/ {17 / ‘
ké”w 4 : User-Defined Exception [9 Example 5 : Handling OTHERS Exception | 0. Important Points |
DECLARE || DECLARE @ Exceptions are handled in the EXCEPTION section of @ |
v_age NUMBER := -5, ; y || v_um NUMBER := 10; PL/SQL block. ;
BECTR Ty e [ e WHAR(10) o= Ou*-pti : Each excepion handler starts with WHEN and ends with THEN. |
IF v_age < 0 THEN : A BEG{EWSU& HAMLE, Multiple exception handlers can be used in a single block
Bk el cge | Error : Invalid v_reslt = v_um + v_test; - invlid qmio A unexpected. OTHERS exception should be used to hondle all other |
DBMS_OUTPUTPUT_LINE('Age : * || v_age); | age. Age cannot EKCEBP,%SUTWT-WT.LINE('M || vresult); ‘| error occurred : unexpected errors ;
Excgg%ollg I be negative. e OTHERS THEN ‘ QRvﬁ;glmr (5) Exception handling prevents uhmmlfermin:ﬂnmufﬁ'\ep-ugmm|
WHEN e_invalid_age DBMS_OUTPUT.PUT_LINE('An unexpected error | ™ rumber | @6) We can use user-defined exceptions using the EXCEPTION
DBMS_ SR AT 1 LINE( Error : Invalid age. Age j occurred = ' || SQLERRM); ‘ keyword and RAISE statement.
5, cannot be negative.’); | END; | ) T hebs in witing relcble and robust PL/SQL
/ Always provide meaningful error messages for better debugging,



3. Cursor

={ Cursor in PL/SQL : Types of Cursors | <
L Types 'S

Attributes

P Returns TRUE if the last |
%FOUND fetch L |
Returns TRUE if the lost
feteh did not retun a row. |

Returns the number of
rows fetched so far

Returns TRUE if the cursor
is open, otherwise FALSE.
Reb.tms TRUE if the cursor

is positioned on a valid row
(for update).

%NOTFOUND

%ROWCOUNT

%ISOPEN

%CURRENT

UMBER;

OPEN _cur;

LOQP i
FETCH emp_:
EXIT WHEN
DBMS_OW'PUT

cur INTO v_id, v_name, v_salary;
_wr’GNOTFOUND;
_LINEC'ID :
, Name : '

D Loop; Y

I)CLEZ‘SE emp_cur;
f &M

1B 1. Name ; Al Solary

30000
ID : Name : : 4000«
ID : 3, Name : Amnn Salary : 35000 |

I!v_dH

| wv_i

SH) v_sulu.rg)

' 11 Ref Cursor (Reference Cursor)

= -
A 1. Introduction to Cursor 2. Features of Cursor |
® A cursor is a pointer to a context area multiple [
| that holds the result set of a SQL query. @ g:e: t:uu'yl. 8 oS e |
® It allows us to process multiple rows |
one at a time in PL/SQL. | (D Provides row-by-row processing.
[ ] Cu.rsurs are uEEd. WI'LE“. a quer'g J'Btu.r‘n.s |
more than one row. (®) Helps to control fetching of rows.
® It provides a way to fetch rows from
a result set uﬁ ptzrf'olrm operations @ Can be explicit or implicit.
on each row individual
® Cursors are mainly useful in situations @ gfem utb(’lbutes%t;mﬁ%ck %%UTF%L;D) |
where we need to orm row-by-row CUERL 158 : :
processing, complex logic or data @ Useful when we need more control
manipulation. | over the query and result set.
= [
i 5. Implicit Cursor i 6. Explicit Cursor
.ImmelmrLsautomnhaﬂleua{'ad | OExph.cuLcw-sorlsdgclm-ednwmuﬂg
ed b 0 | ® Used for multi-row queries.
@ IE is used for sing ueries (SELECT INTO) ® We must declare, open, fetch and close
and DML stciﬂnmts (INSgRT UPDATE, DELETE). the cursor. )
® We cannct control the implicit cursor directly. ® Provides more flexibility and control
o Attribates Uike SQL%FOUND, SQL%NOTFOUN __compared to implicit cursor.
and SQL%ROWCOUNT are used to get Sgntax )
mfnmmtm R L A— e
(5. Example 1 : Using Tmplicit Cursor with SELECT INTO | CURSOR, cursor_name 1S
DECLARE — = s et
v_name VARCHARZ(20); HHERE: o
v_sal NUMBER; BEGIN
BEGIN OPEN cursor_name;
SELECT name, INTO v_name, v_sal LOOP
FROM Es WHERE id = 1; FETCH cursor_name INTO variable_list;
mm _LINE(Name : * || v_nome); | oo Al EXIT WHEN iir:or_nnmn%NOTFOUND;
I g -~ process row
END.DBMS WM“LINEES“M || vl Salary 30000 | o6 Fooe:
/ . CLOSE cursor_name;
END;
/
T
9. Simple Cursor - 40. Parameterized Cursor
;!..As mmuﬂadknfn&chmsfmm i .:l.i.hsf.urt:“:;dcmwt?f rs
i oﬁ.msmaiaw;asi R uudexphm,lmnr E .Iltsuseﬁ.n.lt.uf?n tnebusedénnomldiﬂm.
j [ Example =) | [(Bample ]
| DECLARE DECLARE
CIRSOR c 15 SELECT name FROM Enplye; | Oupu r”ﬁ%‘z o WCHm)mﬁosu. Al - 30000
ik | 2:_“ v_name w&mzczo). Mo =i3000
toop R ot
FETCH ¢1 INTO v_name; OFEN c2('CSE");
EXIT WHEN ¢1%NOTFOURD; Neha LOUFF:C_mH o uit
oy B OUTRUTUT LNy ) S B |
CLOSE 51;, = LDGPMPUTM _LINE(v_name || * 1 v..suln.rg)::
; ENDC'LOSE c2;

® A reference cursor is a cursor variable that
;tlnlds:!;resultsetf S,

® It can be retumed from a function or

bpﬂsqwgm&sﬁl;:{mmm

o Itis used.
PL/SQL blocks.
=TT TERE
[Enwnph ) -
DECLARE g
TYPE emp_ref 15 REF CURSOR; Output
-] e'mp_ru
_ VARCHAR2(20); Al
BEGIN
OPEN  FOR SELECT nams FROM Emploge; Sara
FF1C.H ¢ INT A"‘::
EXIT WHEN c‘liNUTFOUND. Nel
DBMS_OUTPUTPUT_LINE(v_name); -
END LOOF;
CLOSE ¢
END;

4. Types of Cursors

® There are two main of cursors
in PL/SQL : types

0 Ian[-.ctt Cursor
Aulomnb.cnlly created by Urm:le

® Used for single-row queries
§SELECT JI'E%) or DML statements
INSERT, UPDATE, DELETE).
® We do not need to declare, open,
fetch or close an implicit cursor.
@ Explicit Cursor
® the rammer,
O o
e Must be d.ecl.ared npened fe
and closed explicitly.
Provides mare control over the query
and result set.

(8 Tgpes

Types of Explicit Cursors |

i Type Description
| Used to process
|@ Surple Gursor | el 3 i @ forverd
direction (one row ot a time).
Parameterized A to
@ cirer ol
P e
@ (Reference Cursor) mhnmhmm from
Fmedumffunnhm
Allows movement in both
[ Scrollable Cursor | directions (forward and
@ (Adwncsd) | buckward). (Not commony

| used in basic PL/SQL).

12, Important Points

Onndmnmtbe it b

cursor be declared, fetched
| © S e

%FOUND, %NOTFOUND, %ROWCOUNT and
ISOPEN are atiributes of explicit cursor
(while SQL% obtributes are for implicit cursor).

Simple cursor s used for basic multi-row query,
Parameterized cursor accepls parameters to

| @ hiter data

| Ref cursor is o cursor varigble, useful in

./functions.
' ®

meshelpmmhgmwplwngmd
provides more control over dota.

Always close explicit cursor after use to
reieusemswm.




1. Introduction to Cursor Attributes

>{ Cursor : A’ctribul:es of Cursor |<

2. List of Cursor Attributes

3. Explanation of Each Attribute

il

4. Explanation (Contd.)

® Cursor attributes are Attribute Meaning o Fi
funchions in. FL/SGL tt“* Returns TRUE if the O gg{fﬂs TRUE i the most recent | R~
information about the status oF a cursor. %FOUND A Al i last H statement returned u.mrcew - R%TRUE if the cursor is
@ These atiributes are used to control the e o Olarioe, I reia ALSE e
flow of a_ program. and. check the state | | %NOTFOUND | Rems TRUR 0, the et S ek hdimids & M
of the e nol a row. or not. d
%ROW! Returns the number of rows %NOTFOUND ‘ ® Used to check whether the cursor
® %ﬁﬁ%f&tmbum return. BOOLEAN or COUNT Calehad i } @ ® RebirnziTRUES if ithe moshhrasert is open before performing operations
values ! R TRUE if the FETCH statement did not return a row. | like FETCH or CLOSE.
® They are very useful in exception %ISOPEN is o theraise o ltis posite of %FOUND. %CURRENT
open, FALSE. PRl o
handling, loop control and writing * b et q loop when no/more rowa. @ Returns TRUE if the cursor i
reliable” and ' robust. programs. %CURRENT Reh*"‘sws s TRUE f the aursor | | (3) %ROWCOUNT . Furriokly Tosinecion. o
| i on a row number of rows 3 '
f: ® Used with WHERE CURRENT OF
g?;; UPDATE/WHERE CURRENT o T Souer froitw uisor. 0 SR - e o W {hEEfE il
& S0 Of.
— .umun_cmhawmgmhmm WHEEHE(IFLAEISQENTOF b
— e I TR vt
| 5. Bample 1 : Using %FOUND and %NOTFOUND : [_6. Example 2 : Using %ROWCOUNT | Example 3 : Using %ISOPEN
T . S . . ge—— i“ — .. |
ELECT i snlnr% M Employee; Bl SELECT name FROM Employee; | c“’%ﬁfﬁcf‘nl.i. FROM Employee; Eas ‘
v-name VARCHAR2(20) Name : Ali, v_name VARCHARZ(20); | BEGIN ’ ) |
ey Y "R Sa.l.nrg 30000, [ BEBIN || IF c1%ISOPEN THEN Cursor s not. open. [
OPEN cf; : Sarq, Eggg = e IEVIRELINTRC ety )| Resoumy iy oo
LooP Cursor is closed
40000 DBHS_OUTPUTPUT_LINE( Cursor is
e T e Hepmagle ot R
D OUTPURAT (N e records.): . 35000 Dl&l\is OUTPIUI'J'PUT LIN)E( Row No. * || c1%ROWCOUNT
2 ' 5 8 v_name, IF c1%ISOPEN THEN
st No more records. EE{? ELO(JI"; [;:BMS _OUTPUTPUT_LINE('Now eursor is open’);
s TR e Cane 57 [ neme TSl 20 it i s END IF;
= 11 v_salary g U‘d‘l"t : o
END IF: CLOSE ci;
END' LOgP: Row No. 4, 2iALL IF NOT ci%ISOPEN THEN
EN[():!_OSE cl: Row No.. 2 : Sara ENDDBIF' _OUTPUT.PUT_LINE('Cursor is closed');
; Row No. 3 : Aman END; '
"""" o Lt e [ i
(8 Example 4 : Using %CURRENT (for UPDATE) | k‘.)_._Exgmph_!_S.__Cgﬂfpl.ehProgrm ) All Attributes " 10. Important Points |
DECL?D}I{JERSGR 15 = pu— | |
1 | %l i
Eggch _id, name, salary FROM Emplogee; ! ssgciuméu id, name, salary FROM Employee; . ' o iﬁﬂm %T':”if e ‘
POATE: v . i
AR T | Viname ARCHARIC20) . Output : @) NOTFOUND reumms TRUE if the last FETCH
Voname VG20 Output : BEGIN' ‘“L“"’ Pt Curser: cpmad? TRUE sl ok irefury a srev. |
v_zal NUMBER; 2 OPEN ¢ ) 9 returns
SN 5l . - Lg%ras_wmr _LINE( Gursor opened? * || cA%ISOPEN); | Row 1 : Ali - 30000 ;ng;c?m the e o e fxhad s for;
EETCH <t INTO v_id, v_name ; I ; FEICH el INTO v d, voname. v_palary; o o . e e ‘
FETCH el INTO v_id, v_name, v-salar for Al RO T Rl B SCURRENT reh.u'ns TRUE if the cursor is Emmd
UPDATE Empbw L ) DBMS_OUTPUTPUT. LINE(RW 11 c1%ROWCOUNT || . on o valid row (mainly used with WHERE CURRENT OF).
SE]" » 1000 ELS1E ¢ - 1 yxene 1] | —zizlary); No more rows @ Cursor attributes are used to control program flow
e &?’?Tu‘f& i} i ; DBYS_QUTPUTAUT_LINECNo mor ros (NOTFOURD = TREY (NOTFOUND = TRUE) and handle different conditions.
_OUTPUTPUT_ Record updated v_name); i Cursor ? FALSE Thy ful handling
L open are useful in lon tion
:E:Egsézi; ENE?CLOIF - J e uns.Hupd.u::f:HdeLeLs operations. Ps S
END; cE% O LT ENSCC o el CREND, A use thse cirbules bo write efient and
/ ND; le PL/SQL programs.




= (Cursor : Life Cycle gF_Cursor in PL/ SQIJ 3

o |

3 : = - ,,
1. Introduction to Cursor Life Cycle | 2. Stages in the Life Cycle of a Cursor 3. Diagram : Life Cycle of Cursor 4. Explanation of Each Stage
) | |
® A cursor goes through a sequence of Declare the Cursor | 3 DEC_I—QRE E | DECLARE
steps fmn-? its creation [os?egmm ! — Define the cursor with a SELECT { (Cursor. s defined) ] 0 o Cursor is defined with o SELECT statement.
| statement. | ® No memory is allocated at this stage.
T{I;us sequence is called the life cycle | o e 1 @ oFE
of a cursor. | @ ey Memory is allocated for the cursor.
® A cursor is used to process multiple | huU;oc u.teThr:z :;: o.s:td:x e;:tetadthe (© EEN and : Query islseumlzd. -
rows returned by a query. Fetcﬁ Fgm tha Ol ’ quary is m) ® The result set is created and the cursor
® u.r‘lng its Life CHCle the cursor is | — Retrieve rows one bg one from ‘I | FETC] :anaw o
d‘d?sl:;ed Opel"ltl fetched, and f‘uwllg | the result set into variables. [ FETCH @ * Ful:'!\ é:u;?u]iE:gH retrieves one row
| | e
o Understanding the life cycle he Proces bhe Dol  Retrieve rows cne by one) o The b & Suedin wrophee
us to use ct?rsurs Pro Elg \a ! = Pecform. required: cpanations on ,} Repent e When no more rows are available,
| the fetched data. < until %NOTFOUND becomes TRUE.
manage resources eﬁJlDe iently. | L LA (M m) [ no more| @ PROC ut_;s i ;
| — Release memory and. invalidate o "P"“ﬂ“”’ 2 : (e OﬂndBFhqum Wufdnh: elc)
| the result set. on the fetched data.
[ @ CLOSE
® Releases the allocated for the curser.
fiem 2oyt oo R
- = ] s no ve
5. Cursor Life Cycle in Detail wlss i i cpaned agn
: T
Stage Description What Happens Cnmr Shtus Attributes 6. Cursor Attributes During Life Cycle
Declar Cursor is d.eruwd SELECT statement %ISOPEN = FALSE |
* | i the decaralion | associated with ;.‘h.emcursor (ot clioeated) | (L Attt Yoaslng Vabe
| | 'c ned M allocated and Actiy | %ISOPEN = TRUE %ISOPEN Returns TRUE if the cursor is TRUE / FALSE
[ ot et e s s it " %FOUND - FALSE currently open.
section. set is created. il L i %FOUND Returns TRUE if the last FETCH TRUE / FALSE
! ! l'ebtmwd. a row.
Fetch | Retrieve rows one | Each FETCH gels the next | Actie | %FOUND, %NOTFOUND %NOTFOUND Returns TRUE if the last FETCH TRUE / FALSE
_ by one. | row from ul,:: result set - | ﬁﬁzﬁlﬁa Sy ‘ did not return a row.
Process | Perform requred | Use the felhad data for | Active Adrbutes reflac the %ROWCOUNT Returns the number of rows 0,12 ..n
' | ertons oo et B e e TE T i !
| Close Cursor is closed. Memory is released and Inactive %ISOPEN = FALSE { %CURRENT e mzd. = c: valid cru‘.)rwsor L TRUE / FALSE
result ‘set is destroed. | J Cfor UPDATE/WHERE CURRENT OF).
_'1' Exum.pls Comple{.e Ll‘Fe Cgcls vf an Exphctt Cursur :r_B_. Example : Checking Cursor Attributes _: 9. Important Points
DECLARE "~ DECLARE : Cursor life cycle consists of DECLARE,
Cuggggc'lc' EEPEEER emp_name, salary FROM Employee; CUSRESI‘;;E%TCTW_BIEZ emp_name FROM Employee; OPEN, Fﬂi}lﬁpﬁmﬁm CL?EE
v. i\:mn V.iRCHAR2(20). ; name VARCHAR2(20); and bel::mes o.:l::w.aonlu after opening.
P lary N . | EEﬁé’;EH - " Output : FETCH retrieves one row at a time
OB L el Output : N DBMS_ OUTPUTPUT_LINE(‘Cursor Open? * |1 e_emgISOPEN); %NOTFOUND) becomes TRUE when
SeSBic amp; - fovcH c_emp INTO v_id, v_name; Cursor Open? TRUE no more rows are available.
Fetch and process rows D - 1, Name - Al Salary - 30000 IF c_emp%FOUND THEN Fekched: Ali c AT
LDFO;IN S DD 2. Name : Sare, Salary : 40000 ENDDE;FIS OUTPUTPUT_LINE( Fetched: * || v_name); Rows Felched: 1 T = dcttu,hu;e o
EXIT WHEN c_empWHOTEOUND; ID : 3, Name : Aman, Salary : 35000 DS OUTRUT PUT_LINERors Felhed: |1 <. eng SROMCOUNT) m‘l S“"‘,‘ 2 We' con’ chack ithe Stabus efla cursar
DEMS_OUTPUTPUT_LINEC'ID : " |1 void. |1 — I E",,’,P'K,NJ{‘F'&QD THEN Vit T , using cursor attributes.
vormes 0 1 v 5 TPUT.PUT_LINE('No more rows’);

END LODP‘ ] ucalar): | CLF'O'E‘;% 1 L Cursor Open? FALSE ) o If a cursor is not closed, it may lead to
the cursor | ¢ esource e
fro CLOSE c.em _ o, S OUTPUT PUT_LINE( Cursor Open? * 11 c_empISOPEN); A G S P —
/
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5. Advantages of Procedure

“Emcedm in PL/SQL : Tntroducton, Importance, Types, Adventages & Disudventages | <

4. Tgpes of Procedures

1. Introduction to Procedure
® A procedure is a named PL/SQL block

ihn';. is stored in the database and can
be executed whenever needed.

It contains a set of SQL and PL/SQL
statements to perform o specific task.

1t is created using the CREATE PROCEDURE
statement.

A procedure may or may not return a value.
1t helps in modular programming by
reusing code.

i)

CREATE OR REPLACE PROCEDURE procedure_name

(parameter_list)
IS / AS

-~ Declarations
BEGIN

-- Executable statements
EXCEPTION

-- Exception handling
END;
/

Code Reusabilit
Can be P.!BCI-Lbeﬂ multiple times.

Improved Performance
Stored and compiled in the database.

Reduced Network Traffic

Better Se
Access to tables can be restricted.

Modular Programming

Large programs are divided into smaller blocks.
Easier Maintenance

Changes can be made in one place.

Data Integrity
Business rules can be enforced consistently.

Abstraction

2 Exu.m.ple of a Simple Procedure
CREATE OR REPLACE PROCEDURE show_message
IS

| | BEGIN
| DBMS_OUTPUT.PUT_LINE('Hello, This is a Procedure!’);

[ END;
/

[ ] émw_massu.gsisfhsnmneefﬂwp'nwdm.
® [t has no parameters.

® It simply pr'in}.s a message using
DBMS_OUTP!

° Tthmwdnnlssl.oredmﬂledntnbummd
can be executed anytime.

Execution :

® After creating, execute it using:
EXEC show_message;

Output :  Helo, This s @ Procedurel |

-

@ l)e done in one place
0 Dnhl ]n{egntg

0

3. Imporl:qmeumemdan
!

ity
Apmcedw‘emnbeumu}.edmndhpl.e
times, saving development

Modulard ‘
lurgepmnmtoww.lhr

Dwtdeso.

Redw:ed Network Traffic

Logic is stored in the dotabase, so only
the procedure call is sent over the network.
Better Performance
Stured.and.oomp&edmth.ednlu.buse
s0 execution is o |

and users can be given permission only |
prmedu.rw |

to exeml;e

mthmi mnd.lfgmg multiple programs. i
can be implemented

Abstmcl:r.on

o Sldstam -Defined Provided Oracle. (e.g.,
Procedure DBMS_OU .PUT.LINE)
User-Defined Created by the user to perform
@ a spmfll.,cg task. P“'f\
Parameterless A procedure that does not accept
Procedure any parameters.
Parameterized A procedure that accepts
0 Procedure parameters (IN, OUT, IN OUT).
dure stored in the
Stored Procedire [ 4 Foc" | Fasiled. ok,

IAprocedxu'eﬂl.ath.lsi‘:se!i

[ _.-,._,'I_}_,”,,_ ,,_~_1

CREATE OR REPLACE PROCEDURE disglay emplovee

(p id NUMBER, p_nome VARCHARZ)

asc,m

DEMS_OUTPUT.PUT_LINE('ID : *
DBMS_OUTFUT.PUT_LINE( Name : *

END;
/

E:umtwn

11 puid); EAEC dislay
1l prane); | (101, ALY,
L

Summary

i A procedure is a named block
| of PL/SQL code stored in the
| database.
|

Only the procedure call is sent to the server.

Hid ki nlracdation from ) wae. |

:_6. Disadvantages of Procedure 7. Example : Procedure with Parameters 8.
! Complexity | CREATE OR REPLACE PROCEDURE calculate_salary *
| Writing and debugging procedures can be | (p-basic IN  NUMBER;
difficult for beginners. ‘ p-bonus IN  NUMBER;
| LE 3 p_total OUT NUMBER) ®
Development Time IBLEIS |
Takes more time fo design and develop. |  BEGIN ;
| _total := p_basic + p_bonus; |
Database Dependency w 2 5 isreed | ®
@ Codeisﬂ.edloaqaecif‘tcdnﬁabuse(liks&ude)-} . |
| Limited Portability .
@ Not easily transferable between different Execution : |
database sgstems |  DECLARE 1
@ Co D! R ; BEG\i.ﬁtoiul NUMBER; |
| Stored procedures use memory and space ! calculate_salary(30000, 5000, v_tobal); ‘ e
: in the database. i DBMS_OUTPUTPUT_LINE(Total Salary : * || v_total); |
@ Error Handling Needed : fNDi |
Proper exception handling must be written | - * e — | e
tomma.germtm errors. Dbl Total S . 35000 l

It in code reusabili
betl;rh'lpsperforrmnoe. mﬁgﬁg
and maintainability.

Types of procedures include
system- l:;se& user- def‘u:;‘c{
parameter| ameteri
stored and rectﬁ[ve procedures.
Procedures have mnng advnninges
such os

data integrity.

Hwniver they also have some
disadvantages like complexity,
initial development time cmE
database dependency.

Pmc«ad.ur'&c1:.re|:Lr1uul'|lKorh:l.rd.w:lel.H

feature of PL/SQL
used in real-world applications.




> { Function in PL/SQL : Introduction, Importance, Tupes, Advantages & Disodvantages | <

Introduction to Function |
A function is a named PL/SQL block |
that performs a specific task and |
always returns a single value. 1
It contains a set of SQL and PL/SQL
statements and can be executed
whenever needed.
Functions are created using the
CREATE FUNCTION statement.
A function must have a RETURN
type and must return a value using
RETURN statement.

Functions can be called from
PL/SQL blocks, SQL statements
(SELECT) and from other functions

or procedures.

o'

5. Example : Function with Parameters

CREATE OR REPLACE FUNCTION caleulate_orea
(radius NUMBER)
RETURN NUMBER

18
area NUMBER;

BEGIN
area := 3.1416 * radius * radius;
RETURN area;

END;

i

Execution :

BEGIN
DBMS_OUTPUTPUT_LINE('Area : * I
caleulate_area(5));

END; :

7 Output :  Area : 7854
9. Importance of Functions

@ Code Reusabllity

Can be colled multiple times.
Modularit

Divides uqarge program into smaller blocks,

Easier Maintenance

Changes can be done in one place.

Improved Productivity

Reduces development "time.

Better Organization

Keeps code structured and readable.

Can be Used in SQL

Functions can be called in SQL SELECT statements.
Business Logic Implementation
Helps in implementing complex

®
O

0]

business rules.

2. Syntax of Function
CREATE OR REPLACE FUNCTION function_name

(parameter_list)
RETURN data_type
IS /7 AS ]

BEGIN

-- Executable statements
- RETURN value;

EXCEPTION

END

= Excephion. handling

/

Explanation :

6. Example : Function without Parameters 7. Example : Using Built-in Function in SQL 8. Example : Calling Function from SQL
CREATE OR REPLACE FUNCTION squn.ne_nu.mber
num NUMBER)
RETURN NUMBER

function_name : Name of the function
parameter_Llist : Input parameters (optionel)
data_type: Return ype (eg., NUMBER, VARCHAR?)
RETURN : Specifies the value to be: returned

\
CREATE OR REPLACE FUNCTION get_greeting ‘
RETURN VARCHAR2 s ‘
18
BEGIN ‘
RETURN Welcome to PL/SQL Functions'; i
ND;

»

Execution. :

BEGIN
DBMS_OUTPUT.PUT_LINE(agt_greeting);

END:

e — /‘
Output ©  velcome to PL/SQL Functions

Advantages of Functions

Always returns o value, which can be used
in expressions or SQL queries.
Reduces code duplication.

0G0 GO0 OO =

Can. be called from SQL, PL/SQL and other

Mmﬂls.
Hd.psin II L‘U:HFEL.
Can be used with parameters (flexible).

Improves program readability and maintainability.

logic.

3. Example : Simple Function

|
SELECT UPPER('oracle') AS upper_case, |
LENGTH('PLSQL') AS l.ength,
SYSDATE AS current_date,
NVL(NULL, 'Default’) AS nvl_example
FROM duul;

Output :

UPPER_CASE LENGTH CURRENT_;ATE NW_.EXAM_’LE

‘ ORACLE ‘ 5 ‘ 03-0CT-2026 Default

11. Disadvantages of Functions

Always returns only a single value

More complex to write to
procedures for tasks that do not return a value.
Cannot. be used to orm. multiple operations
Umlmquil‘enorduﬁil.hn(inwd’;c&m
procedures are better).

Debugging can be more difficult for beginners.

00 0000

4. Typwof'ﬁmcﬂon.s

CREATE OR REPLACE FUNCTION add_numbers Tgpe Description
(; EFSFSEQU PI‘;BELRJMBER) | | Provided by Oracla, Used For
' Built-in Functions | common ions like string,
IS | (pmd:;m) | number, conversion, elc.
result NUMBER; - (e.g., UPPER, LENGTH, SYSDATE,
BEGIN”“‘“ R ' User-Defined ‘ Crean Jtdm_CHf@ to perform.
END; AL [ Functions | @ speci wh{nﬂ( s per requirement.
B/ ' Faritions etth R A parameters and
== : ! Parameters ‘ r;cf;\t :ip:dnlu.e.
Execution. : | ‘ hot | Do not u.weﬁ i
DECLARE | E las k parameters m;ﬁl.lm:ﬁm
BEGINLSM NUMBER; | aramel N i
v_sum = add_numbers(10; 20): i Return a single value of o
DBMS_OUTPUTPUT_LINECSum = © 11 v_sum); | | data type ( . VARCHARZ,
END; — N @ Senier Furstioes ?ﬁnﬁzﬁcﬁmd relun |
é Outpat : sun : 30 1 & e silor e}

IS
BEGIN

RETURN num * num;
ND;

Execution :
SELECT square_number(6) AS square

FROM

12, Su.m.rmrg. |

L ]
L]
L ]

dual;

Output :

SQUARE
| 36

A function is a named block of PL/SQL code |
that always returns a single value.

It is created using CREATE FUNCTION.
Functions can be built-in (Oracle provided)
or user-defined.




| 6.

Dsadvadages | =

4. Types of Triggers

Introduction to Triggers

| 2. Syntax of Trigger

® A h-igger is a special type of | CREATE OR REPLACE TRIGGER trigger_name
PL/SQL block that is uuH‘F:'na.l.l.mu.g | [BEFORE | AFTER | INSTEAD O

executed (fired) when a specified
event occurs on a table or view.
Triggers are associated with a
database object (table or view).
They are executed automati
by Ehz database server; wew;tlsnot
call them explicitly.
Triggers are mainly used to enforce
business rules, maintain data
i.nﬁ;g;;.l:g ughnd perform a.uu{;..lodxmntw |
acti s as ing, iting or |
validations, pas g
A trigger can be created using i
|
|

the CREATE TRIGGER statement.

[INSERT OR UPDATE OR DELETE]
ON table_name
[FOR EACH ROW]
DECLARE

-- Declarations (npf.i.un.nl.}
BEGIN

-- Executable statements
END;
/

Explanation :

BEFORE / AFTER / INSTEAD OF :

When the trigger will fire.

INSERT / UP
igger will fire.

affected (Row-level trigger).
DECLARE : Optional declaration section.
BEGIN ... END : PL/SQL block.

5. Exunples of Diffwwd Tipe of Trigges
@ DML Trigger (AFTER INSERT)

CREATE OR REPLACE TRIGGER dept_insert_trg
AFTER INSERT ON department
FOR EACH ROW
BEGIN

DBMS_OUTPUT PUT_LINE('Department
added : " || :NEW.d.epl_n.me);

END;

/

Importance of Triggers

Enforces business rules automatically.
Maintains data integrity and consistency.

Prevents invalid data from being inserted,
updated or deleted

Reduces manual work and ensures that
important actions are always performed.

Useful for rn.ﬂ.ml;nmm.s related data
(such as updating summary tables).

@ DL Trigger

| CREATE OR REPLACE TRIGGER ddL audit_trg
AFTER CREATE OR ALTER OR DROP ON SCHEMA

BEGIN

Helps in auditing and logging changes in data.

Automatically updates related tables.

TE / DELETE : Event on which
FOR EACH ROW : Executes once for each row |

CREATE OR REPLACE TRIGGER view_.insert_trgq
INSTEAD OF INSERT ON emp_view

3. Example : Simple Trigger

| CREATE OR REPLACE TRIGGER emp_log_trg Th Deseription.

| AFTER INSERT ON employee 1 - Fired cn DML ;

| FOR EACH ROW | e DML Trigger | (INSERT, UPDATE, DELETE)

| BEGDI:MS T Inen: ‘ on a table or view.

| _OUTPUTPUT ew employee | ; Fired en DDL tions

| added | NBempid |10 - 11 | (@) O TS (GREATE ALTER, DROP) at

. :NEw.emp_nmne); ; database level or schema level.

| END; | Database Trigger Fired on database level events

7 0 b Uiyt i g
E!#ﬂl\ﬂﬁﬂl. : Defined on a view and executes |

L ] T}\i.sl’.riggw‘wiﬂﬁrenﬁzrunswmis
inserted nto the employee table.

inserted row.

@ :NEW refers to the new volues being inserted.
® FOR EACH ROW means it executes for every

e Instead of Trigger
e Row-Level Trigger

instead of the triggering DML

by the DML operation.
(Uses FOR EACH ROW)

0‘&?"1 F Statement-level | Fires once for the whole
| . Lo Trigger statement (not for each row).
['| New employee added : 101 - Al J (Does not use FOR EACH ROW)

Centralized Logic : Business rules are stored
in the database.

Can Be Used vith Views :
make views updatable.

is Difficult : Errors can be ]
krick find. !
Unintended Effects : May cause | ®
unexpected behavior if not written carefully. |
[ ]

Not Suitable for Complex Processing :
Heawy logic in triggers can affect performance.

@ INSTEAD OF Trigger (on a View) 0 Row-level vs Statement-level
i Row-level. Trigger
CREATE OR REPLACE TRIGGER row_trg |cg5m OR REPLACE TRIGGER stmi_trg

Statement-level Trigger

Triggers should be used carefully and
when necessary.

DBMS_OUTPUT.PUT_LINE(DDL. operation BRI . RO e RO B e
performed by ' [ USER [] “on INSERT INTO employee(emp_id, emp_name) | geqiy DEMS_OUTPUTFUT_LINE(E
11 ORA_DICT_OBJ_NAME): VALUESGNEW.emp_id, :NEW.emp_name); DEMS_OUTPUTAUT_LINE(Row updated : * table od): i
: oAl END; I NEW.emp._(d); Sabe tphet);
END; ; | e FND;
/ |l |2
7. Advantages of Triggers 8. Disadvantages of Triggers 9. Summary
@ Automatic Exscution : No nesd to call \ %) "‘au;‘dgmnmkzn;hesgsbum | A igge it @ 9 mmsquwr‘tt
icitly. 5 rstand debug. executes aul mE:caﬂg n o speci
Q m Data ]nlagrﬁ.g N Enfonces rulos 1 0 Performance Overhead : Executes l event. oceurs.
ardlvalidatin 2 | automatic ,whichmaHslowdm _.Tri area'aﬂledusingﬂuCREATE
valtdations. DML operations. | TRIGGER statement.
@ Audit and Logging : Keeps track of changes. e i - Runs i the bckground, | Tes nclude DML, 0L, Detaboss, Instnd
Improves Security : Restricts unauthorized s0 it is not always visible to the user. | of, Row-| ment-| triggers.
o operations. Maintenance Difficulty : Hard Lo manage L Tﬁﬂsﬂmwt for enf'an:;ﬁ busmp_-x
o in ing Desived Daba : in large applications. rules, maintaining data integrity auditing.

operation. Used to make views [

Fires once for each row affected




={ Creation of Procedure, Functions in PL/SQL }<

J

—I ]
1. Creation of Procedure 2. Syntax of Creating a Procedure i?. Creation of Function - 8. Syntax of Creating a Function
® A procedure is a named PL/SQL block 1 CREATE OR REPLACE PROCEDURE procedure_name ||| ® A function is a named PL/SQL block that : CREATE OR REPLACE FUNCTION function_name |
{hat performs a specific task. | (parameter_list) i performs a specific task and always returns | (parameter_List)
® It is created using the CREATE PROCEDURE\ IS/ {| @ single value. || RETURN data_type
statement. -~ Declorations (optional) || ® 1t is created using the CREATE FUNCTION | B/ A5 "  eal)
e A can have parameters (IN, OUT, ‘ BEGIM et e ‘ statement. | BEGIN *
IN OUT) or no parameters. \ EXCEPTION ® A function must have a RETURN type. [ -- Executable statements
@ 1t does not retum a value explicitly | P cathie Tt (Btori) ® [t can have parameters or no parameters. | RETURN value;
; : ® Functions can be called from PL/SQL blocks| ~ EXCEPTION _ :
® I can be executed using the EXEC command =~ END; sl st ts e the. -~ Exception handling (optional)
or by calling it from another PL/SQL block. /4 QL s nts (SELECT) oML GAVET END;
J functions or procedures. : e .
f Foaias Wi Paranaaa | 5 : |
4. Example 1 : Procedure without Parameters __5Emmﬁs? g 9. Types of Parameters in Function 10, Exanple 1 : Funchion without Parameters
CREATE OR REPLACE PROCEDURE show_méssage " CREATE OR REPLACE PROCEDURE ool B ieita CREATE OR REPLACE FUNCTION get_message
15 (radius INNUMEER, area OUT NMEER) e SEUNR VRGN
BEGIN 5 IN (default) | Used to pass values fo the fnnd.m.| IS
DBMS_OUTPUT AUT_LINE( Welcome o PL/SQL Procedure!’), | BEGIN | (read.only) SEGIN : e
END: i e A5 i v = o e 1 o RETURN “Welcome o PL/SQL Functions!’;
o J| | END; : :
: e | 7 | IN ouT Not allowed in functions. | ./ ~ B
Explanation : omspmdmdmmttake & i * Calling the Function :
. - Cllag e Prigmouny: '  DECLARE Todpdt: |
It simply prints o message j DECLARE g VROURASO) T
using DBMS_OUTPUT. v_area NUMBER; BEGI i | Welcome to PL/SQL
% " msg & .
BEGE[c,mu(S, \edreals | m.m(v_w): Sl
Calling the Procedure : DBMS_OUTPUT.PUT_LINE(‘Area : * | | v_area); g
f . || Enp; ) \ . )
BEGIN Output - E |
show_message; be Rl Sl = 11, Example 2 : Funchion with Parameters  12. Exangle 3 : Fuchion for Area of Grcle 13 Examgle 4 : Funclion used in SQL
END; w"'l“[’,m t"l iy £ L 4 " CREATE OR REPLACE FUNCTION add_umbers: || CREATE OR REPLACE FUNCTION cirle-area || CREATE OR REPLACE UNCTION square-um
Y . ) Area : 7854 (a NUMBER, b NUMBER) (radius NUMBER) (rum. NUMEER)
= e RETURN NUMBER RETURN NUMBER = RETURN. NUMBER
IS 15
6. Example 3 : Procedure with IN OUT Parameter BEGIN B e
PESILETRN & o b RETIRN 31416 » rods « rodiss; g,
CREATE OR REPLACE PROCEDURE increment._value END; END; v
(num IN OUT NUMBER) / ey = <
IS p - : 2 : Using in SQL <
BEGIN . Calling the Procedure : Calling the Function : Calling the Function : 'gwmwwﬂw
e et DECLARE } DECLARE DECLARE T
; _numNUMBER := 20); result NUMBER; n LTt
/ BEGIN BEGIN BEGIN. gg 3 PO o (NN AL
increment_value(v_num); result := add_numbers(10, 20); area ;= circle_area(5); ]
DBMS_OUTPUT.PUT_LINE('After increment : * | | v_num); DEMS_OUTPUT.PUT_LINE('Sum - | | result); IO AT LEChes | ) b =
END; END: ?ND MP‘* ; o
/ - — L/ —— —_— ‘_ MM | SOUARE VALLE
: i S ; ( Oupat: [ Oupd: : :
After lncrament : 30 | | Sum : 30 Area : 7854 2 5




|

1. Girodwtims Eo Buchsp and Recovery

® Backup and Recovery is a crucial

E‘fi Backup and Recovery : Introduction ]E

2

of Database Management System

[DBMS). ;

t isa ess of creating a

of the J::t‘.xu.‘oase and resl.o?‘ing (EPH
when the original data is lost,
corrupted or unavailable.

Backup is the process of making

a of data and storing it in a
scomeutlon. g

® Recovery is the process of restoring

the clnr'l".Ha. from the bac
that the database can be brought
back to a consistent state.

® [t helps in ensuring data safety,

kup copy <o

Need of Backup and Recovery 3. Objectives of Backup and Recovery
System Failures : Hardware or software | Data Protection : Protects data from |
failure cause data loss. loss or corruption.

Human Errors : Accidental deletion | Data Availability : Ensures data can |
or incorrect updates. - be restored when needed. !

Natural Disasters :
earthquake, etc.
Security Threats : Hacking, virus
attack or malicious activities.

Fire, flood,

Media Failure : Storage devices
may get damaged.
Data Corruption : Due to power

failure or other unex

reasons.

® Business Continuity : Ensures that

data loss and maintaining

the organization can continue its

operations without major data loss.

YoXoYelol

Business Conti.nui.lg : Helps the H

organization continue operations. .
Minimize Downtime : Reduces the |
time required to restore the system |
Maintain Consi : Restores j
database to a consistent and valid state.
Disaster Recovery : Helps in recovering
database after catastrophic events. |
Necessary for legal

iance :

G

Basic Concepts |
Backup : A of database stored
in a.us\‘;pammuti.m. |
Restore : The
back the data from
Recovery : The complete process of
mtmgﬂ the dn.tu.b:ile to a consistent
state.

Recovery Time : The time required
to restore the database.

Recoverg Point : The point in time
to which the data is restored.
Consistency : The state where data
Disaster : An event that causes
serious data loss (e.g., hardware

of bringing

@ Trcin e

the a.vufl"aa.bllitg of the database. ‘
Types of Failures Requiring Recovery

Type of Failure

and regulatory requirements.
7. Types of Backup (Diagram)

failure, natural disaster, cyber attack).

8. Recovery Process

= : e e
Description Full Backup ‘ Full ! Identify the .
Al b Fﬁﬂsdueiolusiaui .Cmpiﬂemwofﬁgmm‘{ﬂm [iwiJ |o Find the cause of data loss or failure.
error, deadlock or system aborl. ® Takes (mors. storage:cpace and time. | = ok Choose the Backup
8 JRc g, iy Wl ¥ — [ S @Selectthe iate backup (full
Entire system stops working due ® Example : Full database backup once a week. | = t i Ffarentiol) 2
to power failure or hardware crash W Database Hncranata, ion s
Storage media like disk gets @ IOl:nll w'"t"tha“”"’m o ' " Inrenedal Bachp 7 @ Restore the Data
~ !
S Gl o et v o : Copy the backup data. to the systen. |
; ; ; ° ; - : : ‘
e | MR T T @ — BN @ el
and all incremental backups. i e ‘
e ol . ® Example : Daily incremental backup. | Inolabase : tuta;nsehe Ru consisten ;
Differential Backup Differential Backup erify the Recovery |
Virus attack, hacking, ransomware, @b Dnlﬂ'thgmddmnggs'm&da since last full backup - g Check data integrity and consistency. |
etc_ are i

] Requr:s mare storage than incremental but

less than full

9. Importance of Backup and Recovery

Protects valuable data from loss.

Ensures continuous business

rations.

Helps in quick recovery after failures or disasters.
f;ai.ntqms customer trust and confidence.

fin

losses.

Meets legal and regulatory requirements.

Supports disaster recove

Esanli.nlfnrnrs i

pLa.rLrl.i.r\ v
rgthat hunﬂle critical and sensitive data.

-

® Restoration requires the last full backup
and the latest 'differential backup.

10. Example Scenario

Suppose a
Duebum&ifum,ummmm

u.rtu.vuilu.bl.z. The

on Sunday and incremental bac
and applying the incremental

\

@—»Wﬂm’:‘/ (o)

Resume Operuﬁuns

Make the system available for users.

11. Summary
ifibaires ibel salis " @ Ba and recovery is an essential of DBMS. |
i e ety Iiybed.s data f'rrlu:m various types };?'r%'u.dunes.
full e ® Different methods (full, incremental, differential)
glaes i ‘ mu.sedbo.s onstomgfoo.nd.ﬂr;:e;ugnm}:o
Monday and Tuesday. By restoring the full backup - cons;&c:fe ;alf.e, o ¢ a
, the database ® It ensures data availability, business continuity and

is recovered up to Tuesday, and business tions
resume with llttpmnm.nl dnta':l loss. b

Back P' d e for relioble and
and recovery is necess or i
secure database m?nugement, i



Introduction to Archive (Transaction) Logs
@ A transaction log (also called archive L;El;s a
record of all changes made to the daf e.

It contains information about eve
that modifies the data, such as
DELETE, and DDL cperations.
Before the actual es are written to the
database files, the details are first written to
the transaction log.

The log acts as a history list of all database
activities and helps in recovery, auditing and
maintaining data consistency.

In other words, archive (transaction) logs store
a chronological record of changes so that the
database can be restored to a consistent state
in case of failure.

transaction

75? Tgpes of Transaction Logs

Type Description
before failure.

[ead = ndlstincommmibladver
| incomplete transactions.
A permanent

disaster recovery.
Active log files used to record

current transactions.

8. Archiving of Transaction Logs

Transaction logs are continuously generated as the
database processes transactions.
To fi too e, oldei
mpzﬂe&logs rom growing larg r logs

Archiving means copying the online redo logs to a
separate location (archive storage).

during media recovery or point-in-time recovery.
Once a log is archived, it can be reused for new
transactions.

UPDATE,

| Used to redo committed transactions
that were not written to the database

y of online redo logs'
stored for long—term recovery and

Archived logs are kept for a long time and are used |

Ef; Archive (Transaction) Logs :}Q—'

2. Why are Transaction Logs Needed ?

Recovery S
Helps to e the database after
crashes or failures.

Data Consistenc

eeee

are not lost.
Aud.tk and Tracking
FS a h Df. Clu. CJ'Lﬂ.ﬂBES Fﬂr
tn.orutormg secuntg
Rollback 5
Helps to wthommmp[e{e or failed

Pmnl. U\—TU’HE Recovery

Allows recovery of the database to
any specific time.

Compliance

Required for legal and regulal
purposes to track data changes.

Ensures that committed transactions |

3. Information

Stored in Transaction Logs

: ique identifier for each ||

| Tsction I (D) b “

. Tupe (INSERT, \

i et e owe, TeETe, o0 ‘ |
Table Name Nameofﬂmtubl.eaffedad|

| Old Value (Before | Previous value of the data | }

| Image) (bef'ore modification). | \

New Value (After value of the data | ;

Image) (aﬁzr modification). ‘

|

|| Time Stamp

Transaction Status

User/Session 1D

(6 Bample of 6 Tumsstion Leg By

03-0CT-2026
10:15:21
03-0CT-2026
10:16:05
03-0CT-2026
| 104710 |
03-0CT-2026
04| " 10:18:00

101 INSERT

102 UPDATE | Student

DELETE | Student

[y

03

UPDATE

Course

[

9. Advantages of Transaction Logs
Helps in database recovery.

Provides audit trail of all changes.
Supports point-in-time recovery.
Useful for backup and replication.
Helps in debugging and error analysis.
[E;::Lu; qm=i with security and

0000000

Student

TID Time Stamp Operation Table  Old Value New Value  Status

" 4. Working of Transackion Logs

User issues a SQL statement
} (INSERT / UPDATE / DELETE) J
¥

usndtumdnwundnihsdwxgns

L If o failure occurs, the log is |
dtu‘q.ngrecavu's I J

7TrunmclwnLogunanl‘.u.bnseRecoverg

| ® Redo Process : After a system crash, the database
uses the to redo all committed transactions
[ that were not yet written to the database files.
- (1, "Aman’) | COMMIT ® Umio Process : It undoes all uncommitted or
| lete transactions to maintain consistency.
® tabase scans the transaction logs to find
| s ‘ P ‘ ol wh.;rj\ transactions were committed which
. | were not.
(2, Riya) 2 ‘ COMMIT | ' g Committed transactions are redone and uncommitted
' Advmwii PR
i ® ve S are espec useful for in.
Jua Jova' | gt ] recovery, allowing the dal to beP‘r’.:stomd to
any specn.f‘tc moment.
10. Disadvantages of Tr ction Logs 11. Summary
h ® Transactio (archiv s) record all
Q Consumes additional storage space. chmsu mli:ﬂfo e d;tl"ﬂ
Q Sonone lﬂsslns may affect system ® store details of each transaction
[‘3 (I ERT, UPDATE, DELETE, etc.).
Q m.esnze.dmgulnru.mhmgmd .Lsargessentmlformﬁnud.lhng
mgm':l.os{ T}\a‘emmd.\ﬂ’ fﬂh mof logs: redo undo,
If corrupted, recovery ©
0 ma iy d,;ff‘::ﬂ a.rduwmml.d um :'ng
oLnrgevohmeofl.ogsmhghlrwnchm ® Archived logs help in long-term and point-
systems can be hard to handle. i ks
Q Requires proper configuration and o iz gh logs sptr;ovtds aRgihene J
mmm consume storage and require proper
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={ Importance of Backups =

Introduction to Backups
@ A backup is a copy of the database
stored at a sej e and secure location.

It is created to proiect data from loss
due to various failures, disasters or

human errors.
Backups are an essen of

database rrm.na.gemen{. u:l.dpa::e used

in the recovery process to restore

the database in a consistent state.

Without backups, lost or cor'rupted. [ =
data may be permanent and cannot

be recovered.

-

4 ImporLun:eof'Backups(Detu.i.ledPob&s)
(@) | Protects Against Data Loss |

Oﬁmﬂspammilnssufmpoﬁmimﬂvulmblsdah
o restoring data in case of accidental deletion,
mmurhwdwmf'm

the tion continue its tions even
3
® Reduces downtime by quickly restoring the database.

. Reouvc'gftmbieush-s
.Pmdzsdukureomargmcaseofnnwdjmsters
like fre, flood, earthquake, etc.

OHslpsmmslnrmgUusgstanlnnpmmussint&

e Protection. from Human Errors

.Helpsmwwdntuloslduelonccdmtnlddeﬁm
or incorrect updates.
® Allows rollback to a previous consistent state.

Security and Compliance
@ Helps in recovering from security threats such as
hacking, virus attacks or ransomware.

fo)

Database

Abo.dmp

S
in case

,,_ ey —

o

A

®
o

':.[@ Provdes Peace of Mind

.-'2’ Why Backups are Important ?

=&

ensureslhata.copgof'ihedo,tabasets
available, so that the data can be restored
ofungfa.dureord.tsaster

® Ensures that the recovered database
is in a consistent and valid state.

[ in a data mismatches
i i

Supports Point-in-Time Recovery

® Allows the database to be restored
to a specific time before the failure
occurred.

© C

Useful for tcoriec bromsactions
) i md:ms
Reduces Financial Losses

® Mimimizes the cost of data loss and
Ei%ndwmnﬁmmg which reduces

L] in
hfmm&nlunpa.clmﬂtea‘gamnhm

Helps in Testing and Development
ohdwpmmhumwwmg

® Provides a safe environment without
affecting the original data.

@ Gives confidence that data is safe

and
can be recovered when needed.

® Reduces the risk and stress of data loss

o

gymm;‘e

5. Examples Showing Importance of Backups

S

Scenario Importance of Backup
: Restore the database from backup and
Dﬁk_m_ - | continue operations quickly.
| Accidental deletion Recover the deleted data fmmba.d(up

Virus attack / Ransomware

Natural disaster (fire/flood)

||| Incorrect update g

| Legal requirement Hqu\tnm bd;ﬁ;?e::; auditing and
System upgrade t{:bockupl?‘nzsiumdnlnmmse
6. Summary .
@ Budtupsumessenﬁnlforpmtechngdal&lenss corruption

3. Situations Where Backups are Needed
0 Hardware Failure : Disk crash, server failure or
Stomged.mdunmge

Software Failure : Corruption due to software bugs

or system errors.

Human Error : Accidental deletion or incorrect
update of data.

Natural Disasters : Fire, flood, earthquake, etc.
@ Security Threuls H , virus attack,
ransomware, malicious activities.
() Data Corruption : Due to power failure or

unexpected system. shutdown.

Business Ccnhnut To ensure uninterrupted
operations and qwt%k recovery.

O

Restmecleundu’mfmnbuckupto
remove the malicious changes.

Recover the database from off-site
backup and resume business operations.

Use backup to rollback to the previous

and various types of failures.
The: business continuity, quick recovery, data consistency
L coufines ik mctgmr&mmls. i
|

Without backups, the data be rrmerilglostuhmhcun
cnusefmanalfundoperuh:‘:ﬂ

Therefore, regular and proper backups are very important for
wgu'gmﬁm

!



® A database may fail due to hardware

={  Database Recovery and Transaction Control }<

. Introduction

failure, soﬁ.wu.re. errors, human mistakes
or natural disasters.

Database recovery is the process of
restoring the database to a correct
and consistent state after a failure.
Transaction control ensures that
database operations are

reliably, maintaining dah). o%ni:g
and consistency even in case
Together, recovery and transaction
control form the core of a reliable
DBMS.

|
|
1
|
1
|
\
|
\
|
\
|
‘
\
|
=]
|

| Transaction States
All statements

executed

. Transaction Log

A transaction log (archive log) is a
sequential record of all changes made
to the database. ‘
It stores information such as transaction
ID, pe (INSERT, UPDATE,

DELETE), old value and new value
Before the actual ¢ opplied
to the database, the details are first

written 1o the log (Write-Ahead Logging).

The is used for reco rollback
A

@orOS

1
After s§.m time
=

ho

What is a Transaction ?
Atmnsaciwnususequ.erweofone
os a single logical unit of work.

It either completes all its operations
successfully or none of them (atomicity).
Transactions are used to maintain
data integrity and consistency.
Example : J “
Transfer 500 from Account A to Account B
@ Read balance of A

® Deduct 2500 from A
(0]
(0]

Add %500 to B
Commit the transaction

X

6. Types of Failures

O

Human Errors : Accidental
or incorrect updates.

earthquake, ete.

10. Write-Ahead Logging (WAL)

In WAL, the log record is wr-d.ben to
disk before. the” atual changes
made to the database.
This ensures that the log alway
contains a record of e

EunF tha sl e e hﬂfim

cunbemcwmdusmgthelog

(Tlm)

o T IR
Opemhm (First)

|
|
©
|

Transaction. Failure : Due to logical
errors, uworwctmputor‘dwdﬁod(

System Failure - Due to power failure ||
crash. (volatile memory lost)

Media Failure : Due to disk crash
or storage device damage.

Natural Disasters : Fire, flood,

—'_3. Need for Transaction Control

Ensures data consLstancs when

O .i bl e

Prevents mf_e.rf erence between
transactions.

Maintains isolation so that

read, non-repeatable read

7. Database Recovery

& Dui:u.buse recovery is the
| correct
a failure.

consistent state

‘ of data and to bring the database |

deletion | o the last consistent state

type.

1. ReoovuyProoess(Sl:eps)
Q Hdentify the failure type.

®|Gwckuwlr:1so.d:mlog

—

[ > ]
@ Undo uncommitted transactions |
@I
@

b

Redo committed transactions
(if' required).

[ Bring the database to
| consistent state.

the database ||

u,pdutesmnntwsihletooﬂwumrs

Supports recovery in case of failures. |
n::rs in mu.m.lmnms data integrity |

Avouis prublems like lost u.pdote

the database to a

Recavezycunbeu.uiomahcor

4. ACID Properties of Transactions

Al operations of a transaction

| are completed, or none are

il perf'onned

i Albronanction \E¥ings Hha dotabase |

[ from one consistent state to

lmo{herconsisl:mtstu!z.

Transactions are executed I

from each other.

| Once a transaction is committed,

Durability its changes are permanent even
in case of failure.

8. Recovery Techniques

(@ Sriaes
o,

- Saves the state of the

datobase at negulﬂr intervals to speed

R I"emvel.ﬁle:l the changes of

Rollback o
uncommitted transactions.

12, Importance of Recovery and Transaction Control

® Ensures data safety and security.

® Maintains consistency and integrity

| Isolation

after |

Redo : R the of
eapply the changes
of the database.

itted transactions not yet written
to disk.

vatd.es quick recovery after failures.

gﬂr{s contmuous availability of the

Backup and Restore : Uses backup
copies of the database to recover data.

Reduces the nsk of data loss and

financial

Essential for mul.ti-user environments

where concurrent transactions occur.

Builds user trust and reliability in

database systems




